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VIEWS FROM THE SPACECRAFT DURING

APOLLO 10 (MISSION F)

By Alfred N. Lunde

SUMMARY

The purpose of this document is to depict the star field, the
earth and moon terminators, and the horizon orientations for Apollo 10

(Mission F) as viewed from the spacecraft. The LM as seen through the

CM rendezvous window, and the CSM as seen through the LM windows are

shown. These data should prove invaluable in assuring the crew that

maneuver attitudes are correct. All data shown in this report are for

the May 17, 1969, launch date, with a 72o launch azimuth, first opportunity.

INTRODUCTION

The geometry of a lunar mission can be very difficult to visualize

(refs. 1 and 2). The primary objective of this report is to provide

views from the spacecraft during Apollo 10 (Mission F) because a knowledge

of how the spacecraft should be oriented with respect to familiar

objects visible from the spacecraft window would be invaluable for per-

formance of abort maneuvers as well as nominal maneuvers.

Other important objectives are as follows.

1. To establish possible backup attitude references for the major

maneuvers such as TLI, LOI, TEI, and entry

2. To provide moon reference horizon information to support an

LOI GO/NO-GO

3. To show the LM in a docked configuration

4. To show a head-on view of the LM and CSM at various distances

from each other

Because of the LM, the visibilitythrough the rendezvous windows

is severely limited during the translunar portion of the mission; therefore,

one of the other three windows may be used for star sighting or photography.
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This document and its relation to other Apollo 10 (Mission F)
milestones for the Contingency Analysis Section are shown in the appendix.

The major analytic tool used to produce this report was developed
by Mr. G. B. Roush of the Computation and Analysis Division.

NOMENCLATURE

c.g. center of gravity

CM command module

CSM command and service modules

El entry interface

g.e.t. ground elapsed time

hE  altitude above earth's surface

hM  altitude above moon's surface

LOI lunar orbit insertion

LM lunar module

PTC passive thermal control

RE  radius from center of earth

RM  radius from center of moon

SEQ star identification number

SM service module

TEC transearth coast

TEI transearth injection

TLC translunar coast

TLI translunar injection

V. inertial velocity:1
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TRAJECTORY GEOMETRY

The relationship of the ecliptic, equatorial, and lunar planes as

they appear in 1969 are shown in figure 1. The ecliptic plane is always

inclined 23026" to the equatorial plane. In 1969, the lunar plane is

inclined 28.50 to the equatorial plane.

The position of the earth's equatorial plane in the ecliptic plane
for May is shown in figure 2. The moon's location at the various phases
during the mission are shown in figure 3. The sun and the moon at TLI
have right ascensions of 540 and 700, respectively. Because of the
northerly inclination of the trajectory for most of the mission, the
crew of the spacecraft will have a good view of the northern hemisphere.
The opposite was true for the Apollo 8 mission (ref. 2).

Because of the positions of the moon and the sun during the trans-

lunar portion of the mission, the spacecraft will be traveling toward

the general direction of the sun, especially during the first few hours

after translunar injection. Thus, the majority of the earth will be in

daylight and the moon almost totally dark as seen from the spacecraft.

A schematic of the nominal Apollo 10 (Mission F) trajectory as

viewed from above the earth-moon plane shows spacecraft, crew, and ter-

minator orientation. The Apollo 10 (Mission F) trajectory has been

plotted on a map of the celestial sphere and.shows the inertial position

of the spacecraft with respect to the stars, sun, and moon (fig. 5).

GENERAL INFORMATION

For a better understanding of the data presented in this report, a

short explanation follows. Views of the particular maneuvers from the

TLI burn through the entry phase are presented in figures 6 through 24.

All the views of the critical maneuvers such as TLI, LOI, TEI, and

entry have a field of view of 1000. A large field of view is used so

that the horizon of the body of interest can be seen and so that the

available stars can be shown. Superimposed on these views is the view

out the left rendezvous window from a restrained couch position. The

X-body axis is indicated by a mark at the center of each picture.

During the translunar and transearth coast phases, the field of view

has been varied. To give a close-up view of the earth or the moon, the

field of view generally has been kept small.



The CM window configuration data were obtained from the command

module manufacturer and from the CSM/LM Spacecraft Operational Data

Book (ref. 3). The LM window configuration and the LM dimensions were

obtained from reference 4. The approximate docked LM configuration has

oeen shown in figures 7, 12, and 13.

Stars with a magnitude larger than +3 have been shown in all of the

views. Some of the larger stars have been named in figures. The star's

name, location, and magnitude can be found in the star catalogue
(table I).

The vertical and horizontal scales on the figures are marked in

units for the quick location of stars in those figures. The field of

view in degrees is marked on the top of each figure. The velocity in

fps and the radius are given in each figure. Also, the velocity in mph

and altitude above the surface in statute miles are given.

DISCUSSION OF DATA

Translunar injection maneuver

The beginning, middle, and end of the TLI burn are shown in

figure 6. The maneuver is executed in a heads down position. The

horizon is dark until shortly before the end of the burn, at which time

the terminator is visible. The spacecraft is in sunlight for part of the

burn. The TLI burn places the spacecraft on its lunar trajectory so that

at the end of the burn the velocity is 35 598 fps. The vectors and

REFSMMAT used were obtained from reference 5 and reference 6, respectively.

Passive thermal control.- The PTC is scheduled to start shortly after

the first planned midcourse maneuver, at 7 hours after TLI. At that time,
the PTC REFSMMAT is being used, and the initial gimbal angles are

pitch = 900, yaw = 00, and roll = 00 (ref. 7). With a planned roll rate

of 0.1 deg/sec, the spacecraft will make one complete revolution about

its X-axis in 1 hour. The four views shown are at time intervals of

15 minutes (900 in roll). Also shown in these views is the approximate

area of view obstructed by the LM in a docked configuration.

Earth and moon views during TLC.- The earth is shown in figure 8 with
a constant field of view. Because the earth gets quite small as the

spacecraft progresses on its lunar trajectory, figure 9 depicts the earth
with a variable field of view. The purpose of these enlarged views of

the earth is to show details such as continents and terminator. The

views start at a g.e.t. of 4 hours and are shown for every hour until

shortly before LOI. The earth appears to be in total daylight when viewed
from the spacecraft shortly after TLI, which offers a great opportunity



to take photographs because the spacecraft is above the west coast of
the U.S. All of North America, Greenland, and the North Pole area will
be visible at this time. Excellent views of all of Europe can be obtained
at a g.e.t. of 22 hours. The spacecraft enters the lunar gravitational
sphere of influence at approximately 64 hours g.e.t. All of the visual
data of the earth and the moon are taken in the trajectory plane from a
view down the radius vector at the body of interest. However, in
figures 23 and 24, the ecliptic plane was used as the reference plane.
Most of the input data needed for the generation of this section were
obtained from reference 8.

Views of the moon are presented in figures 10 and 11. Because of
the earth-moon-sun geometry at this particular time, the moon will be
almost totally dark as viewed from the spacecraft on the approach trajectory.
The sun is close to the moon in right ascension and declination for much
of the translunar coast. The star background prior to LOI is shown in
figure 12 with the spacecraft in the LOI inertial attitude.

Lunar Orbit Insertion Maneuver

The beginning, middle, and end of the LOI burn are depicted in
figure 13. Because of the obstruction caused by the docked LM, the view
from the rendezvous windows was severely limited. However, one of the
other windows could possibly be used. The crew are in a heads down
position during this burn, and the burn is performed in a retrograde
attitude to brake the trajectory speed so that a lunar orbit may be
acheived.

LM and CSM After Separation In Lunar Orbit

The LM as seen through the rendezvous window of the CM is shown in
figure 14. Only the front view of the LM is shown. The distance between
the c.g. of the two spacecraft is shown, as well as the relative velocity
between the two spacecraft. The front view of the CSM as seen through
the LM docking and front windows is shown in figure 15.

Transearth Injection Maneuver

As with TLI and LOI, the beginning, middle, and end of the TEI burn
are shown in the correct burn attitude. The maneuver is a posigrade
burn designed to free the spacecraft from the lunar gravitational
attraction. The spacecraft attains a velocity of 8582 fps at the end of
the burn. The velocity gradually decreases until the spacecraft passes
from the lunar sphere of influence into the gravitational sphere of in-
fluence of the earth, at which time the velocity gradually increases again.
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Post-TEI Views

The three post-TEI views depict the view from the spacecraft as the
earth comes into view after the TEI maneuver. The earth becomes visible
over the lunar horizon shortly after TEl. At this time, the crew is
looking at the U.S.

Transearth Coast

As with the translunar coast, the views of the earth and the moon
are shown at various times during the coast period (figs. 18, 19, 20,
and 21). During this period, both the moon and the spacecraft have
moved a considerable distance in right ascension and declination since
TLC. Thus, when the spacecraft crew looks at either the moon or the
earth, approximately one-half of both bodies are visible to the crew
(fig. 3). The spacecraft leaves the lunar gravitational sphere of
influence at approximately 140 hours g.e.t.

ENTRY

The entry phase is shoi .n figure 22. The SM is jettisoned at
approximately 15 minutes pr: to entry interface, and the CM is in a
heatshield forward attitude. The angle between the spacecraft X-axis
and the earth horizon is held at +31.70, which can be monitored on the
31.70 scribe on the window. The entry is made in darkness, and the
moon is visible during part of entry phase. The gimbal angles were
obtained from reference 9.

ECLIPTIC REFERENCE

The translunar and transearth coast phases of the mission are shown
in figures 23 and 24; the ecliptic is used instead of the trajectory
plane as the reference for the views. Pertinent information such as
velocity and altitude can be found for corresponding times from
figures 9 and 21.

CONCLUSIONS

An understanding of spacecraft attitudes with respect to the sun,
earth, moon, and stars is particularly useful to verify maneuver
attitudes normally described by IMU gimbal angles. This information is
especially useful for Apollo 10 (Mission F) because IMU gimbal angles
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are referenced to several specific inertial orientations (REFSMMATS)
instead of to preferred platform alinements.

This report has presented numerous figures which depict the view
from the Apollo 10 (Mission F) window; star field, earth and moon
terminat;ors, and horizon orientations are included. This information
should prove invaluable in assuring the crew that maneuver attitudes
are correct.
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TABLE I. - STAR IDENTIFICATION CATALOGUE- Continued

636 19548 lY445961090 14*0 27.0 34.6 75.85138800 70.0 51.0 5.0 q*37 5 U m

637 19590 14509408310 14.O 30.0 14.7 -50,30305600 -50*0 Ibl. 11.0 4.60 0 s LUP

638 19597 14.50536100 1.0 30.0 19.3 30#52416600 30.0 31,0 27.U 3.78 25 R BOO

639 196071 ARI5 1451113860 14.0 30.0 40*1 38.605560 380 27,0 38.0 3.UU 27 8 800

640 19659 14*55258320 14.0 33.0 9.3 29.89638800 29.0 53,0 47.0 4.48 28 5 800

641 19656 14.55458310 14.0 33.0 16.5 -42.0050U000 -42.0 .0 18.U0 I 6 0 CEN

642 19698 14.59199990 14.0 35.0 31.2 -49.21444400 -49.0 16.0 28.0 4.14 U R LUP

643 19728 RIGIL KENTAURUS 14.62013870 l4.O 37.0 12.5 -60.69222200 -60.0 qI.0 32.0 .06 0 A CEN TOLIMN

694 19777 1.*65791660 14.0 39.0 28.5 13.87750000 13.0 52,0 39.0 3.86 30 Z 800

645 19774 14.65986100 14 0 39.0 35.5 -47.23916600 -47.0 1 40 21.0 2.89 0 A LUP

6q6 19772 14.66091660 14.0 39.0 39*3 -64.82416600 -64.0 49,0 27.0 3.41 0 A CIR

647 19779 1466297210 14.0 39.0 46,7 -37.64444400 -37.0 38,0 400 4.09 0 CCN

648 19816 14.68686100 14.0 41.0 12.7 -550722220 -S.0 30.0 26.0 3.95 107 M VIR

649 19820 14.69180550 14.0 41.0 30.5 -35.02416600 -3600 1,O 27.0 4,13 371 CLN

650 19834 1497237.990 14.0 43.0 25.5 -78,898332U00 -7.0 5310 54.0 3.81 0 A APS

651 19856 IZAR PULCHERRIMAI47243054U0 1.0 43,0 27.5 27.22083300 27.0 13.0 15.0 2.70 36 E 800 MIRAK

652 19858 14.72677770 14.0 43*0 36.4 17,11138900 17.0 6,0 41.0 4.69 35 0 B00

653 19884 14.79127750 14.0 40 28*6 2.03916660 2,0 2,0 21.0 3,76 109 VIR

654 1995 14.80377760 14.0 48,0 13.6 -27-81583300 -27.0 48.0 57.0 4.63 58 HYA

655 19975 ZU8EN ELGENUBI 14.81563880 19.0 .8,0 56.3 -15.89749990 -15.0 53,0 51.0 2.90 9 A LIB KIFFAA

656 19917 14,82241660 14.0 49,0 20.7 -'43.43166600 -'430 25,0 54,0 4. 49 U 0 LUP

657 19991 14,82952760 14.0 49.0 46.3 19#24527700 19.0 14,U0 43,0 .64 37 C 800

658 20029 KOCNA 14-84644430 14.0 50.0 47.2 74.29861100 7140 17,0 55,0 2,24 7 a UN|

659 20115 14.92252770 14*0 55.0 21.1 -'420500000 *.0 12,0 18,0 '4.9 16 LIB

660 20128 14,93716660 140 56.0 13.8 -42,9944440 0 -42 0 59,0 40,0 2.81 0 S LUP

661 20146 1494791660 14.O 56.0 52.5 *41I96500000 *-410 57,0 54.0 3.35 0 K CEN

662 20226 MEREZ NEKKAR15.O04440 15.0 .0 3796 40.52749900 40,0 31,0 39.0 J.63 42 B 800

663 20237 15.01883330 15.0 1,0 7.8 2922749990 2.0 13,0 39.0 4062 110 VIR

664 20253 15.03361110 15.0 2.0 1.0 -25914583300 -25.0 8,0 45,0 3.41 20 S LIE

665 20271 15,04541670 15.0 2.0 43,5 .46991555500 .46,0 54.0 56,0 402 0 p LUP

666 20285 15,04908320 15,0 2,0 56,7 27,08305500 27,0 4,0 59,0 4,67 43 y 800oo

667 20356 15*10791640 15.0 6,0 28.5 -45.1'666600 -450 8,0 48,0 4.39 0 L LUP

468 20409 15.15816660 15.0 9.0 29s4 48960638800 -48,0 36,0 23.0 41.4 0 K LUP

669 20418 15.16263870 15.0 9,0 qS5 "51,96749900 -51.0 58,0 3.0 3,50 0 z LUP

670 20433 15,17036110 15.0 10.0 13.3 '19066055s00 -1990 39,0 38.0 4,66 24 1 L1B

671 20523 15923483310 15.0 14.0 5.4 3349444400 33,0 26,0 40.0 3,54 '49 0 800

672 20507 15*24594430 15.0 14,0 45.4 -58,67222200 -SO.0 'OO 20.0 4,16 0 B CIR

473 20539 ZUBEN ELSCHE
M
ALI 15*25199980 15,0 15,0 7.2 -9,25500000 -090 15,0 18,0 2z,74 27 8 LiB KIFFAd

674 20538 15,26024980 15.0 15.0 36.9 -6855222100 -68-0 33,0 8.0 3.06 0 6 TRA

675 20550 15.26158320 15.0 15,0 '417 -30.02138800 -30.0 110 17.0 4.43 2 LUP

676 20556 15-26811090 150 16,0 5.2 .47,74777700 -47y0 '4.0 52.0 4.36 0 $ LUP

677 20620 15,31788870 15,0 19.0 4, .'40,52222100 -40,0 31,0 20,0 3.,43 0 0 LUP

678 20643 15.32630530 15.0 19.0 34,7 -36.13583300 -36.0 8,0 9,0 3.59 0 V LUP

679 20659 15,33824980 15.0 20.0 17.7 -44,564999UU -4 ,0 33,0 54.0 3.74 O E LUP

680 20663 15,34288870 15.0 20.0 34.4 -59,19638900 -59,0 11,0 47,0 4.54 0 6 CIR

681 20692 PHERKAD 15394613880 15.0 20.0 '6.1 71*95861000 71.0 517,0 31,0 3.14 13 UHNI

682 20676 15034852770 1500 20.0 54.7 -367344400 -36.0 4.,0 40 4.69 0 V LUP

683 20714 15.38430540 15.0 23,0 3,5 -38,61111000 -38.0 36,0 40,0 4.60 0 K LUP

684 20724 ALKALUROPS 15.38611100 15.0 2390 1I0.0 3749888800 37.0 29,0 56,0 4,47 51 M 800

685 20747 15,q0222210 15.0 24,0 8*0 59.0880500 59,0 5,0 17,0 3.47 12 1 ORA

686 20795 NUSAKAN 15.43974980 15.0 26,0 23.1 29,22527700 29.0 13,0 31,0 3.72 3 8 CRB

687 20908 15.52527770 15.0 31.0 31,0 31,47611000 31.0 28,0 3.4,0 4.17 4 J CR8

688 20926 15.54666670 15.0 3290 48.0 -41.05055500 -410 3,0 2.0 2.95 0 G LUP

689 20942 15.55213880 15.0 33,0 7*7 10,65472200 10.0 39,0 17,0 4.23 13 0 SER

690 20947 ALPHECCA GN055OIAIS555341
6
60 15.0 33,0 !2.3 26,83138800 26.0 49,0 53.0 2.31 5 a CR8 GEMNA

691 20932 15.55822210 15.0 33.0 29.6 66.2016600 -66,0 12,0 6,0 4.11 0 C TRA

692 20949 ZU8EN ELAKRA8 15t55941660 15.0 33.0 33.9 -L4.67416660 -14.O 40,O 27.0 4.0a 38 a L18

693 20979 15.58155550 15,0 3490 53.6 -28.02055500 -28.0 10 14.0 3.70 39 U LIS
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TABLE I. - STAR IDENTIFICATION CATALOGUE- Continded

752 22311 16*56777770U 16.0 39'*0 4. 35*1827700 "350 11.0 7.U 4.u 0 ScO
753 22332 16.58713800 16.0 35.0 13.7 -10.'977776U -10.0 29,U 52,0 2,7u 13 I OPH759 22370 16.63386100 16.0 38.0 1.9 -77*91777U00 -77.0 26,0 22.0 4.16 0 B APS
755 224

6 4  
16.666083U0 16.0 39.0 579 316650UU0000 31.0 39.0 59.0 3.00 U9 I HER

756 22502 16.69491600 16.0 41.0 41*7 38.98777700 38.0 59.0 16.0 3.61 99 H HER
757 22558 ATRIA 16.79902700 16.0 44.0 56., -68.966110OU -68.0 7,0 568eU .8d U A TRA
758 22606 16.77922200 16.0 46.0 45.2 -. By9813d88 -58.0 5d.0 6530 3.68 0 m ANA759 22640 16.79819400 16.0 47.0 53.5 -39*23138900 -3%.0 13.0 b3.U 2.3o 26 E SCO
760 22693 16.79825000 16.0 97.0 53.7 -10.72277170 -10.0 93,0 22,0 4.73 i20 OPH761 22749 16.82477700 16.0 49.0 29.2 82.09750000 82. U 0 61.0 '4.U 42 E UMl762 22677 16.82991600 16.0 49.0 29.7 -3796916600 -37.U 59.0 Le.0 3.uY U SCO
763 22691 16*83266600 16.0 49.0 57.6 -37.95972200 -37.0 57,0U 35.0 3.69 U0 n Sc769 22751 GRAFIAS 16.86858300 16.0 52.0 6.9 -42.30333300 -942.0 18b 12.0 3.76 0 Z SCO765 22775 16.8729900 16.0 52.0 21.0 10*22166650 10.0 13.0 18.0 4.2Y 25 1 OPH766 22895 16.92858300 16.0 55.0 429 -S6.9369UU -55o0 56.0U 13.0 3.06 0Z AkA767 22862 16*93349900 16.0 56.0 .6 9492805550 9.0 26,0 41.0 .4i. 27 K OPH
768 22869 16.99649900 16.0 56.U 47.2 -3.10888800 -53.* 6.U 32.0 4.15 0 E ARA769 22935 16.98272U00 16.0 58.0 56.9 30.97666600 30.0 58.0 36.U0 .,92 8a E HER770 23158 SABIK 17.13997100 17.0 8.0 22.1 -i-.68333330 -15.u 41.0 .0 2.63 35 n OPH
771 23182 NODUS I 17.19469300 17.0 8.0 90,9 65.75750000 65.0 45,0 27.0 3.22 22 DONA772 23180 17.16069400 17.0 9.0 38.5 -43.19500000 -193.0 11u0 922 3.99 0 M SCO773 23277 RAS-ALLTHI 17.21749900 17.0 13.0 3*0 19.92888890 14.0 25,0 94,0 J.U 69 A HEN779 23294 SARIN 17*22652700 17.0 13.0 35.5 29.87916*UU 2,.0 52.0 95.0 .. 16 65 D HER775 23302 17*23094400 17.0 13.0 49.6 36.89750000 36.U 5U0,0 lo0 J.36 67 p HER776 23359 17*26719900 17.0 16.0 1.9 33*136666UU 33.0 8.0 12,0 9.Ou 68 HER777 23392 17.30538800 17.0 18.0 19.9 -67.73666600 -67.0 19,0 12.0 9.79 0 Z APS778 2392 17.31427800 17.0 18.0 51*9 -12*8130550 -12.0 98.0 97.0 9.35 63 N SER
779 23423 17*31505500 17.0 18.0 542 -2.07694U00 -21.0 9,0 37.0 4.96 O0 C OPH780 23451 17.33099900 17.0 19,0 51.9 -29.9663800 -2940 57,U 59.0 3.37 92 J OPH
781 23515 17.37308300 17.0 22.0 23.1 -*5.99916600 -5s.0 29,0 57.0 2.80 0 a ANA782 23517 17,37902700 17.0 22.0 26s5 -56.3969S000 -56,0 20.0 99.0 3.51 U G ARA783 23549 17.374555U0 17.0 22.0 28.9 37.17699900 37.0 10.0 37.0 9.52 0 R HER784 23597 17*90383300 17.0 29.0 13.8 -29.19b5U000 -24.0 8.0U 2.0 94.2 99 OPH785 23617 17.91286100 17.0 29.0 96.3 -6.05722220 -5.0 3.0 26.0 9.61 27 OPH786 23621 17.91299300 17.0 2490 466 9.16916660 4.0 IU,U 9.0 4.99 49 5 OPH787 23627 17.91861000 17.0 25*0 7.0 -29.83722200 -29.0 50.0 19.0 4.37 95 OPH788 23681 17,96555500 17.0 27.0 56.0 -60.656999UU -60.0 39.0 25.0 3.79 0 D ARA789 23693 17.97302700 17.0 28.0 22,9 -37.27U00000 -37.0 16.0 12.0 2.3U 39 U SCO790 23708 17.98552700 17.0 29.0 7.9 *998506bbUU - 9.0 51.0 2.0 2.97 U A ARA791 23726 MAASYM 17.98869900 17.0 29,0 19.3 26136833UU 26.0 8.0 9.0 9.98 76 L HER792 23791 ALOAID 17.99399900 17.0 29.0 38.9 5232638900 52.0 19.0 35.0 2.99 23 B ORA793 23769 SHAULA 17.52049900 17.0 31.0 13.8 -37.08027700 -37.0 9,0 99,0 1.71 35 L SCO794 23815 17655083300 17.0 33.0 30o -4698361100 -46.0 29. U IU .63 0 5 ARA795 23837 RAS-ALHAGUE 17,55513800 17.0 33.0 18.5 12.689166710 12.0 35.0 3.0 2.19 55 A OPH796 23846 17.56888900 17.0 39.0 8.0 -3861299900 -38.0 36.0 95.0 9.39 0 SCO797 23857 17058000000 17.0 3.O0 48.0 -92*97750000 -92,0 58.0 39.0 2.U 0 J SCO798 23881 17.59299900 17.0 350 39.8 -16.37833320 -15.0 22.0 2.0 364 55bb C SER799 23889 17.59899900 17.0 35.0 56.9 -8.09916670 -8,0 5.0 57.0U *,6b 7 M OPH800 23965 17.69129900 17.0 38.0 28.5 960U2916600 46.0 1.0 27.0 3.79 85 I HER801 23978 17*65791600 17.0 39.0 26*7 -12.85833330 -12.0 51.0 30.0 9.39 56 0 SER802 23988 17.66772200 17.0 90.0 3.8 -39.01388900 -39.0 .0 60.0 2.51 0 K SCO803 29098 KEL8-ALRAI 17.69569900 17.0 41.0 9945 9.58U2777U 9.0 39.U 99,0 2.99 60 a OPH804 24044 17.70488800 17.0 92.0 6176 -69,70972200 -69.0 42U 0 35,0 3 .b 0 PV805 29236 PHERKARD YILDUNI7.72925000 17.0 43.0 27.3 86.60972200 86.0 36,0 17.0 49.99 23 0 UM806 29138 17*75199300 17*0 45.0 5.2 27.7399990U 27.0 99,O 29~. 3.9 66 M HER807 29125 17.75225000 17.0 95.0 8.1 -40.11527700U -40.0 6,U bb.0 3.14 U SCO808 24135 17765591600 17.0 95,0 21.3 -27.819166UU -27,0 99,U 9.0 4,uUV 3 SGR809 29162 17.7689U00 17.0 4960 8.2 2.71888dvB 2.0 q930 8.0 39/4 62 G OPH



TABLE I. - STAR IDENTIFICATION CATALOGUE- Continued

810 24188 17*79125000 17.0 47.0 28.5 -37.034166UU -37*0 2.0 3.U J.Z 0 SLO
811 24364 GRUMIUM 17.88202700 17.0 52.0 55.3 56.81

7
49

9Yu 56.0 52,0 39,0 J.9u 32 C DRA
812 24415 17.91752700 17.0 55.0 3.1 

3 7
.241 6

7
0U 37. 0 1 5.I U 3J.9 91 J HER813 24432 ELTANIN RASTASANI7.92986000 17.0 55.0 47.5 21.49222UU i.*O 29.0 32.U l.4* 33 G UNA LTAMIN

824 24448 17.94005500 17.0 56.0 24.2 2925SbOuU 29.0 15.0 2.0 3.89 92 c HE815 2468 17.95163800 17.0 57.0 5.9 -9*77083330 90 46.0 15.0 J3.5 64 N OP H816 29'76 17.95269400 17.0 57.0 9.7 30.19111100 30.0 41.0 2gS0 4 U 4 94 N HER
817 24502 17.9749400 17.0 58. 0  29.8 16*751666UU 16'0 4 .0 6.0 4'71 93 HER
818 24503 17.91719400 17.0 58.0 37.9 -3.6o944440 -3.0 41,U 22e0 4,6U 57 1 SER
819 24509 17.98149900 17.0 58.0 53.4 2.93166660 2.0 55.0 54.0 3.91 67 OPH820 24534 17.99961000 17.0 59.0 58B6 .J04444493 U 16,0 16.0 4.44 68 OPH821 24605 18.04638800 18.0 2.0 47.0 -19.58333300 -29.0 35U .U 4.0UV 0 56R822 24632 NASH NUSHA8AI8.05930500 18.0 3.0 33.5 -30.426388UU -30.0 25,0 35.U 3.U1 10 G SR
823 24641 18.06141600 18.0 3.0 91.1 2.50611100 2.0 30.0 22.0 %.U7 70 OPH
824 24635 18.06508300 18.0 3.0 54.3 -50.09611000 -bO.U 5.0 46.0 3.9U 0 J ARA825 24665 18.08680500 18.0 5.0 12.5 -63.6719900 -63.0 4u.U 21.0 4.44 0 P PAV
826 24693 18.09383300 18.0 5.0 37.a8 8.728s 0U .0 43.0 91.0 4.l 71 OPH827 24695 18.09480500 18.0 5.0 41.3 9.55749990 9.0 33.0 17.0 3.73 72 OPH
828 24694 18.09774900 18.0 5.0 51.9 -28.46177/00 -2#.0 27,0 46.U 4.66 0 SU829 29711 18.10291600 18.0 6.0 10.5 28.75638800 28.0 45.0 23.0 3.83 103 0 HER830 24740 18.12100000 18.0 7.0 15.6 20U*077770 20.0 48,0 28.0 4.32 I02 HER
831 24767 18.14383300 18.0 8.U 37.8 -45.96e49900 -45.0 57,0 45.0 4.ou 0 E TLL832 24856 18.19447100 18.0 11.0 490 1 -12106972200 -21.0 4,U 11.0 4.UUv 13 m 5GR
833 24949 18.25427700 18.0 15.0 15. -J367171600 -36.0 96,0 27.0 3.16 0 m 5GR
834 24961 18.26436000 18.0 15.0 517 -27U.056944UU00 -27.0 3,0 25.0 4.69 U SGR
835 25032 18.31055500 18.0 18.0 38.0 36.04/77800 36.0 2.L 52.0 4.34 1 K LYR836 25024 KAUS-MEDIUS 18.31255500 18.0 18.0 45.2 -29.8449990U -29.0 5010 42.0 e.o4 0 0 SGR
837 25046 18.32494400 18.0 19.0 29.8 -2.90944440 2.0 54.0 34.0 3.49 58 H SER838 25045 18*33336100 18.0 20.U .I *61.51222100 -61.0 30.0 4q.0 .25 U0 C PAV
839 2511 18.35433200 18.0 21.0 15.6 71.31944 U00 71.0 19,0 10.0 .24 3 V DNA R840 25122 18.36147200 18.0 21.0 41.3 72.7180U00U 72.0 43,0 5.0 3.69 44 X DNA841 25100 KAUS AUSTR* 18.36413800 18.0 21.0 50.9 

3 4
.40305500 -3U.0 2940 11.0 1.95 20 E SGR

842 25116 18.37008300 18.0 22.0 123 11.75250000 21.0 45.0 9.0 3.1 IU09 HER843 25154 18.40630500 18,0 24.0 22.7 -495Yd97210U -4 .0 59.0 23.0 3.76 0 A TEL
84.4 25180 KAUS-BOR. 18.43016600 18.0 25.0 48.6 -2.442776UU -25.0 26.0 310 1.94 Z2 L 55R845 25183 18.43558300 18.0 26.0 8.I -49.091944UU -49.0 5.0 31.0 4.14 U L TEL846 25220 18.45336000 18.0 27.0 12.1 -14.589122 0 -14.U 35.U e3.U 4.13 U bSLT847 25313 18.51672200 18.0 31*0 *2 -42.33972200 -42. U 2UU 23.U 4.09 U J CkA848 25381 18.55502700 18.0 33.0 18.1 8-.2l/OO1 UU '.U 16,0 12.0 4.06 U A SCT849 25466 VEGA 18.59586100 18.0 35.0 45*1 38.75UODUU 38.0 4 ,0 .U .14 3 A LYR850 25522 18.6

4
925000 18.0 38.0 57.3 -71.46138ud -71.0 27,0 l1.U 4.U1 0 1 PAV85 25580 18.67261000 18.0 40.0 21.4 -9087500UU -9.0 5,0 15.0 .I1UV L D SCT

852 25668 18.72033300 18.0 43.0 13.2 J9.575i7/0U 39.0 34,0 31.0 4*U b5 LYN853 25661 18.72450000 18.0 43.0 28.2 -27*02861100 -27.0 1,0 43.0 3.3U 27 V SAG854 25676 18*72608300 18.0 43.0 33.9 37.5674990u 37.U 34.0 3.0 4,19 6 Z LYH
855 25698 18.73588800 18.0 44.0 9.2 10.51166600 20.0 30.0 42,0 4.26 110 HEN856 25730 18.75527700 18.0 45.0 19.0 -4.78694440 -4.0 47,0 13.0 4.47 0U SET
857 25734 18.75788800 18.0 45.0 28.4 18*I 4ll uUU l2*. 6,U 218U 4.37 111 HLR858 25735 18.76022100 18.0 45.0 36.8 -57441666u -5.0 44,0 39.0 4,UUV U SCT
859 25847 SHELIAK 18.81311000 18.0 48.0 47*2 33J.2083J30 33.0 19,0 15.0 3.38 U w LYR860 25823 18.81630500 18.0 48.0 58.7 -62.23027700 -62.0 13.0 49.0 .42 0 . PAV
861 25941 NUNKI 18*88491600 18.0 53.0 5.7 -

2
6.34194400 -260 20.0 310 2.e 4 34 5 SGR862 25954 18.88780500 18.0 53.0 16.1 22.5994q4uU 12.0 3,U b 113 HER863 25959 18.88797100 18.0 53.0 16*7 36.85333300 36.U 52,U 12.0 4.5Uv 12 0 LYR864 25930 18.88916600 18.0 53.U 21,0 -67.28U277U0 -67.0 16,U 49.U 4.OV 0 K PAVy

865 25996 1..90U447100 18.0 .4.0 16.1 93.Y68988lU 43.0 6.U 4.0UV 13 LYN866 25991 ALYA 18.9U797200 18.0 54.0 28.7 4.1566860 4.0 Y9OU 2,0 4.50 63 J 5LR867 26019 18*92736000 18.0 55.0 38., -dLI. 94444UU -2.*U 9.0 16.0 3. 1 3J7 C SHk
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868 26086 SULAPHAT 18.905550 18.0 . 7
*0 

3 8
.U 32.60U2

7
/ou 32.0 3d.U 2b.0 3J.3u 1 6 LyR

869 26091 18.96722200 18.0 5a.0 2.0 15.019940 15.U 1.U IO.U 2e1l 13 E AOL
870 26141 18.99683300 18.0 69.u0 486 -b718972ZU "-5.0 47.0 23.U e4.1 12 AWL
871 26161 ASCELLA 19.00641600 19.0 .U 23.1 -29.9319440 -29.U 55.0 55.0 2.71 38 Z S(R
872 26224 19*04308300 19.0 2.0 35.1 -21,79444400 -21.0 97,U0 u0. J.9U J9 0 SGR
873 26270 19.06333300 19.,03.0 8.0 1381l000UUU 13.0 4u 36.0 J ,. 17 1 AWL
874 26263 19.06755500 19.0 4.0 3.2 -i7.11527/UO -37.0 6.0 55.0 .26 0 G CRA
875 26285 19.07316600 19.0 4.0 23.4 -4.9363deU0 "4.0 56,0 11.0 3.55 16 L AWL
876 26291 19.07924900 19.0 4*0 45*3 -27.723332UU -27.U 43.0 24,0 3.42 40 7 5GR
877 26322 19.09855500 19.0 5.0 54.8 -0bb2778UU -40.0 33.0 10.0 4.66 0 0 CHA878 26360 19*11822200 19.0 7.0 5*6 -J7.

9 0
83JuU -37.0 57,0 39.U 4.1d 0 A CRA

879 26380 19.12702700 19.0 7.0 37.3 -39.39833300 -39.0 23.0 54.0 4.16 0 B CNA
880 26386 19*12802700 19.0 7.0 40.9 -21ZUBU83JOU -21.U 4,0 leU 3.*U 41 P 56R
881 26520 NODuS II ALDIBI9.20916600 19.* 12.0 33*0 67.5999900U 67.0 36.0 O. 3.24 57 U URA
882 26507 19*20941600U 19. 12.0 33.9 3.1984Ziou 39.0 50 .0U '4. 20 4 LYR
883 26569 19.24516600 19.0 14.0 '26 

2
1.32

7 4YUu I0 19,0 39.0 h6ou 1 VUL88 26585 19.26252700 19.0 15.0 9.1 38.0727700 38.0 4,U 13.0 .'46 21 J LYN
885 26638 19.27058200 19.* 16.0 1.1 73 29i11!U0 73.0 17.0 28.U 1.63 60 T DVU A886 26621 19*27155500 19.0 16.0 17-* 53.30333300 53.*0 1.0 12. .90 I K CY*
887 26694 19.32738900 19.0 19.0 38.6 -17.914722UU -17.0 54,0 53,0 J3.9 1 N 568
888 26697 19-32869400 19.0 19.0 43.3 -16UZ222ZZUU -16.0 1.0 20.U 4.5b 46 U 56889 26703 ARKAB-PRIOR 19.33538800 19.0 20.0 7,4 -'I.2666600U -4'.0 31,0 36.0 .20 0 8 5R
890 26735 19*3415270U 19.0 20.0 29.5 65-64694J00 65.0 38,0 '9.0 '.63 58 P DRA891 26718 ARKAB-POSTERIOR 19.3448890o 19*0 20.0 '1.6 -14.867499UU -4'.0 52,0 3.0 4s51 0 8 5GR
892 26737 ALRAMI RUK8ATt9.35772ZU0 19.0 21.0 27.8 -'0U68361100 -'0.0 41,0 I.0 I.11 U A S5R
893 26816 DENEB 0KAB 19.39555500 19.0 23.0 4.0 3.0436110U 3.0 2,0 37.0 J.44 30U AWL894 26909 19*45413800 19.0 27.0 14.9 2459277700U 24.0 35,0 3.0 '1.63 6 A VUL
895 26947 19.48038900 19.0 28.0 49., 51-654444U0 51.0 39.0 16.0 3.9 10 I CY(
896 26953 ALBIREO 1948847200 19.0 29.0 18. 27.88500000 27.0 63.0 6.0 3.2" 6 8 CY6
897 27030 19.53963900 19.0 32.0 22.7 7.30333330 7.0 18bO 12.0 1.65 38 4 AWL898 27089 19*57630500 19.0 3.0 314.7 -24.96250000 -2.0 57.0 45.0 4.66 52 58R
899 27103 19,58183300 19.0 34'0 54.6 -1.36555b54 -1.0 21,0 56.0 '1.28 1 1 AQL
900 271'1 19.59169400 19.0 35.0 30.1 60.13916600 5*.0 8.0 21.0 '.6 13 J CY6901 27215 SHAM 19,64216600 19.0 38.0 31.8 17.93194400 1. .0 4.37 5 A 56E
902 27236 19.65791600 19.0 39.0 28.5 17.393611UU 17.0 23.U 37.0 4.45 6 8 SGE
903 27347 19.73130500 19.0 43.0 52.7 45*0444900 5,.0 2,0 40.U0 2.7 18 0 CYG904 27356 REDA TAAZEDI9*7L325000 19.0 44.0 35.7 lU52666SU 10.0 31.U J6.0 2.8U 50 G A2L
905 27391 19.76377700 19.0 5.0 4'9.6 18.'1666U0 1.0 26.0 8.0 3.78 7 0 SwE
906 27471 TYL 19*8049990U 19.0 48.0 18.0 70.1788.UU 70*0 10U 44.0 3.99 63 E WNA
907 27470 ALTAIR 19.81791600 19.0 49.0 4.5 877444 U0 8.0 46.0 28B0 .89 l3 A AWL
908 27481 19*82030500 19.0 49.0 13.1 32.824444UU 32.0 49,0 28,0 .UUV 0 I CY6
909 27517 19894483300 19.0 0.0 41*4 .914 43 0 5 .U 54.U !2.30 J.UUV 55 H AWL
910 27544 19.86619400 19.0 51.0 58.3 23987222UU00 23.0 59,0 14.0 4.U 13 VUL
911 27557 19.88083300U 19.0 52.0 51.0 -4*1961944UU -41.0 57,0 43.U 4.21 U0 56R
912 27587 ALSHAIN 19.89322200 19.0 53.0 35.6 6.318056bU 6.0 19,U 5.0 J.90 60 8 AWL913 27605 19.91336000 19.0 54.0 48.1 -2726416600U -27.0 15,0 51,0 4.62 69 SGR
914 27622 19*91652700 19.0 5940 59.5 3'.989410U 3.0 59.0 22.0 4.UJ 21 H CYG915 27631 19*94291600 19.0 66.0 34.5 -73*00U83300 -73.0 .0 21.0 1.0U 0 E PAV
916 27672 19.95330500 19.0 57.0 11.9 19.39583300 19.U 23,0 45.U 3.71 12 G SGE
917 2767U 19.95769'00 19.0 57.0 27.7 -35.37277700 -35.0 22.U 22.0 4.39 0 J SGR
918 27763 19*99430500 19.0 59.0 39.5 27.65583300 27.0 39.0 21.0 '.74 15 VUL919 27763 20o00847200 20.0 .0 30*5 -17B60861000 -27.0 8,U0 1.U 4.6U 62 SGR
920 27856 20*0'441600 20.0 2.0 39.9 o7.77361100 67.0 46,U 25.0 4.66 67 R HNA
921 27886 20U08871UU 20*U 5.U 18.5 -

6
6*273611UU -66.U0 1.U 5.eU J.64 0 0 PAV

922 28010 20.15830500 20.0 90( 29.9 -. 92666665 .0 s5e0 36.0 3.37 65 1 AWL
923 28066 20*16836000 20.0 1I.0 6.1 77.6U6944UU 77.0 36,0 25.0 '.4U 1 K CEP
929 28099 20U20880500 20o0 12.0 31.1 46.63444UU0 46.0 38.0 4.0 3.95 31 0 CYG
925 28108 2020U974900 20.0 12*0 35.1 56*4

9
9990Vu h6.U 27,U 36.0 .J d 33 CY(
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926 28152 20*2386100 20U0 1I0 19 77 270708 u 2.u 42.0 21.0 1.1J 23 VUL
927 28160 20*23980500 20.0 14. 0  23.3 97.6b61110 947.0 36,0 2.U0 .16 32 0 CYG928 28189 20.26180500 20.0 15.0 12.5 -12.61717/10 1U.0 31.0 4.0 49.a 5 A CAP929 28200 GRLDI 20.26855500 20.0 16.0 6.8 -12*6 4722uU -12.0 39.0 17.0 71 6 CA

P

930 28295 DAB
1

M  20.3174160U0 0*0 19.0 2*7 -14989333330 -14.0 5J$U 36.0 J.2! 9 B CA
P

931 28338 SADOR 20.*3950000 20.0 20.0 58.2 49019388u800 94. 8O0 38.0 232 37 CY
932 28378 20*37933300 20U0 22.0 27.6 32.07611100 32.U 4.0 34.0 9.60 39
933 28374 PEACOCK 20.38197200 20.0 22.0 53.3 -56.84916600 -560 5010 57.0 1:12 0 A Avy
934 28513 20.96605500 20.0 27.0 57. 8  30.25083j00 30.0 15,0 3.0 409 91 CYG935 28591 20.48327700 20*0 28.0 59.8 62.87611100 62.0 52,U 349.0 .28 2 . CEP
936 28593 20*52566600 20*0 31.0 32.9 11,18305SU l11.U 10.0 59.0 3.98 2 E DEL937 28659 20.56119400 20.0 33.0 40.3 14.56249990 14.0 33.0 9.0 4.69 9 2 DEL
938 28682 20.58519400 20.0 35.0 6.7 -97.9199900UU -470 29,U 54.0 3.21 0 A IND939 28709 ROTANEV 20.59899900 20.0 35.0 Sr54 1.497222220 14.U 28.0 20.0 3.72 6 ODEL
940 28725 20.60883300 20.0 36.0 31.8 -1*22861110 -I.O 13e0 43.0 9451 71 AQL991 28780 SVALOCIN 20.63352700 20.0 38.0 .7 15.7749980 15.0 4970 15.U 3.86 9 A DLL
942 28846 OENE8 CYGNI 20.67061100 20.0 40.0 14.2 45.14444U00 95.0 9.U 16.U 1.33 50 A CYG HIDED
993 2886U 20.69127700 20.0 41-0 28.6 -52.04799900 -52.0 2.0 51.0 9.70 U0N INO
949 28873 20.69705500 20.0 41.0 49.4 1.941777770 190U 56,U 52.0 4.63 11 D DEL945 28862 20.6970830u 20.0 41.0 49.5 -66.J4083200 -66.0 19,0 51.0 3.60 0 a PAV
946 28929 20.73379900 20.0 499.0 1.5 -25.39805U00 -25.U 23,0 53.0 9.26 16 V CAP947 28942 20.73691600 20.0 94.0 12.9 JUs30 11110Y 30.0 35.0 28.0 4.34 52 CYG948 28956 20.74138800 20.0 99.0 29.0 57*45361100 57.U 27.0 13.0 4.63 6 CEP949 28962 20.74299900 20.0 4.0 39.8 61.70ZSUUUU 61.0 42,0 9.0 3.69 3 w CEP950 28959 GIENAH 20.74655500 20.0 40 . 7.6 33*83805500 33.0 50,0 17.0 2.64 53 [ CYG
95s 28966 20.75055500 20.0 95.0 2.0 15.99722220 15.0 59,0 50.0 9.99 12 G DEL952 28978 ALBALI 20.76302700 20.0 45.0 46.9 -9.62499990 -90 37.0 30.0 J.83 2 C AGR953 28979 20.76483300 20.0 45.0 53.9 -5 15694440 -. 0 9.0 25.0 9.6U 3 A4R
959 28994 20.76738800 20.0 46.0 2*6 36.36111000 36.0 21.0 40.0 49.7 54 L CYG
955 29079 20.82891600 20.0 49.0 44.1 -27.05138800 -27.0 3.0 5.0 4.24 18 I CAP956 29150 20.86677700 20.0 52.0 .9 94425388800 49.0 15.0 14.0 4.68 57 CYG
957 29133 20.86813800 20.0 52.0 5.3 -b8.587778UU -58.0 35.0 16.0 3#72 0 6 IND
958 29251 20.93111100 20.0 55.0 52.0 41.03166600 9410 1.0 59.0 4.09 58 N CYG959 29331 20.98580500 20.0 59.0 8.9 -32.39583300 -32.0 23.0 95.0 9.71 0 6 MIC
960 29959 21.06091600 21. 3..0 39.3 43.78750UUU 9430 47,0 IS00 3.92 62 C CYG961 29460 21.06636100 21.0 3.0 58.9 -17.37305500 -17.0 22.U 23.0 4.19 23 J CAP
962 29490 21.08472100 21.0 5.0 5.0 -25.19694UU9 -25.0 8,0 99.0 9.60 24 CAP963 29571 21*12813800 21.0 7.0 4913 -11.51444440 "11.0 30.0 52.0 9.52 13 N AgR9 94 29661 21*19074900 21.0 11.0 26.7 J00825UU00 J300 9.0 57.0 3.40 64 Z CYG
965 29591 21.21291600 21.0 12.0 46.5 9.86416660 9.0 51.0 51.0 9.76 5 0 EQU
966 29723 21.2231930U 21.0 13.0 23.5 37.89527700 37.0 53.0 43.0 J.82 65 T CYG
967 29735 21.23455500 21.0 14.0 4. 5.10222220 5.0 6,0 8.0 4.14 8 A EWU968 29786 21.26730500 21.0 16.0 2.3 39.29722100 39.0 19.0 50.0 49*2 67 5 CYG969 29802 21.27461100 21.0 16.0 28.6 34.74916600 34.0 44,0 57.0 9.94 66 U CYG
970 29819 21.28969400 21.0 17.0 22.9 -53.59799UU -53.0 35,0 51.0 4.6U 0 J IND971 29848 ALOERAMIN 21.29572200 21*0 17.0 99.6 62.43694400 62.0 26e0 13.0 2.6U 5 A CEP972 29903 21.33833200 21.0 20*0 18.0 -16.9-8 72200 -16.0 59.0 5.0 4.30 32 I CAP973 29914 21.34111100 .21.0 20.0 28.0 19.65388800 19.0 39,0 14.0 9.24 I PEG974 29979 21.39288800 21.0 23.0 349.4 65SZ26111UU -65.0 31,0 34.0 9.30U 0 PAY975 3002U 21.91119400 21.0 29.0 0*.3 -22*56388800 -22,0 33.0 50.0 3.86 34 Z CAP976 30059 21.44549900 21.0 0 438 -21.96055600 -21.0 57.0 38.0 9.59 36 CAP977 30118 ALPHIRK 21*47024900 21.0 28.0 12.9 10.906Y4o0u 70.0 24.0 25,U 3.3. 8 8 CEP978 30137 SAUALSUD 21949527700 21.0 29.0 93.0 -5.12611110 -5.0 93,0 34.0 3.07 22 a AVR979 30207 21.5443600U 21.0 32.0 39.7 45.43636UU 95.0 26.U0 11U0 r.2 73 4 CYG980 30252 21.58536100 21.0 35.U 7.3 -19.62388800 -19.0 37,0 26.0 4.72 39 E CAP
981 30289 21.62761100 21.0 31.0 39.4 -77.94722200 -77.0 32,0 50.0 J.19 0 N OCT982 30320 NASHIRA 21.63588900 21.0 38.0 9*2 -16.82138U00 -16.0 99.0 17.0 3.0 940 G CAP983 30440 ERAKIS 21.70724900 21.0 42.0 26.1 58.61888b00 58.0 37.U 8.0 .OUUv 0 M CEP
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9849 0431 EmIF 21Q70
7
7
4 9

ou alg0 j.*O alt V*I.taI6U0 9*0 .o0 49:*0 d*bq 0 PEG
9g 30494 ~I*?091o00 20 42 0 1.1 dboehoe q 

8
6.

0  
#be eO *d a CIL

966 30494 21.19l193U0 2*.0 4 20 1*& 17*oi 8aallo 87o0 8u 8iU 9oo ob 9 PEL
907 30439 21e714%400 ai0 40 13oo *A3614e6ao00 *3.O 11.0 lieu 41 9 I PSA
900 3oo 21731763600 Ilea 43.0 3.o * .40a31jou 8e0 *9.U so 4.8o 1 0 4 PL
t99 30483 21*7406300 l 0 .0 4 36 * a*gO 00 e0.0 bLoU 13.0 446 0 q caP
990 30491 D0NE(B *AL1E0 21.75183300 23.0 45O0 6. *8.608694400 l.660 11.0 830 i.9O 49 0 CAP SCHnDI
991 3412 158.71710 0 o 4S.O 9.*4 49q*8iq94400 toO 0O0 49eO qo46 41 P CG

992 30640 21e63O8100 21.06300 SI.U "e g J?* 070 *alre 310 49,0 3 0 6 GNU
993 30720 21.92000S00 21.0 So.O j*e -b*.11999900 *bSOO 9.0 36.0 4*6 0 0 INo
994 30017 3.0168300 2.0 .0 43.7 *104.9131U00 *46.0 Se eO 1 4.14 U a IND
991 30044 33o*U250bau 2200 3.0 10o aoa%99990 a*.u 19.0 0 %066 31 0 AGH
996 30077 22.04624900 230 20 41S 6.oqq940o0 **40 31o *1.0 4*17 17 C CEP
997 30096 SADALMELEK 22*06641600 22*0 3.0 9e -4*90b5bbs .0o 29,0 **.0 *.19 34 A AOR
998 30692 22.06603300 *a.0 4.0 *46 390.71Jubouu *.90 q0eU 4700 *4.0 0 6 60U
999 3091 22.07560500 2*.0 41.0 j.9 i4U4o*u27i10 14.eU ZO * 4O 3ib 3 1 AO
3000 30932 . Z.00943900 *3.0 Se0 .O elo. 170330 a.0 3o0 44.0 3.96 a% I PEG
1001 30942 NagIR ALNAIR220050O300U 2.0 4.0 2* *47*13136900 *47.u 7.0 53.0 'eI D kUA U
IUO2 30954 22.10575000 22I 6.0 2007 *33.16027100 -33.0 .0 J7.00 4.4d 44 M PSA
1003 31016 22*14049900 ~2D0 6.0 a1.see )oUUSJUU 43U OU 21.0 *"Jd 9 P PLG
10904 31013 22*140ISS00 22*0 .0 26.0 6.02500U00 4.0 ,l0 3000 3.71 26 J PEG
lOs )3044 22e16061100 23.0 9.U 36.2 $8U2034JUO $0O l0 4120 3062 i Z CP
1006 31104 22*20622200 220 12.0 2q 9bqO5*0b00 39.0 32.0 260 4qo I LAC
1007 31135 22*2290S000 22*0 1300 q**q4 56*6641100 600 52.0 7.0 4.23 13 6 CEP
8000 31143 22294066600 22.0 I4u 2.4 7e1738000 370 04.0 *60 4.22 1 LAC
1009 31152 ANCA 22*29977700 220 14.0 S9.2 -703950310 7.0 0 le0 30.0 4.13 043 j AR
1010 31183 222663900 22*0 60 34.0 ?1 O*60.434999u00 -600 2.0 600 .9 0 TUC
1011 312b2 22.32625000 22o0 9.0 j4.s 46*35972U 446.0 2100 3.0 4e4 2 LAC

1012 312? SADALACMBIA 22.33080500 22.0 19.0 Su.9 -*i.56444qq4 .0 33.0 0620 3.97 98 L AO
1013 3130 22*3696300 20 22*0 107 b.2*0USOS00 b20 3)O lieu.0 4.ob 3 9 LAC
IOl30 31326 22.38486000 22*0 23.0 OS 49029833300 49.0 170 5140 4.64 4 LAC
los 31324 22339147100 220 23100 29.3 1.19916666 .0 li. 0 7.0 .44 12 P AO

1016 31399 22*45049900 22.0 27.0 Joe -e2UO00000 0 12e0 es *4Z 55 AsR
1017 31400 22*b305500S 2.*0 27.0 11.0 *93*.7499900 -43*0 4000 300 4*02 0 0 GnU
1018 31412 2.46122100 270 37.0 O4.4 * -1.94916600 -43.0 b1.0 45eO 4*1J 0 0 $RU
1019 31421 22*694940 220 27.0 52u 5.2JSb1s0U 18.0 14.0 eo0 3.96 27 0 CEP
1020 31426 22496780500 22 0 2800 4.l 97.1272a200 47.0 31.0 18.0 4.l1 CAC
1021 31449 22948286000 2 *0 28.0 8.3 42*94J4Uuu 4*.D 546.0 31e0 *4.S 6 LAC
1022 33419 22*99199900 22*0 2900 3102 *J2.SILUUU -3OU 31.0 3600 4.36 17 a PSA
1023 31971 2249741600 220 29.0 500.7 0.1094300 0.0 .0e 7.0 .6E 7 A LAC
1024 31534 22.55927700 220 33.0 33.4 **2983432 00 17e0 q4.0 4.l3 62 4 Aid
1025 31446 22694530900 220 30.0 43.4 -27*2466600 -27.0 33.0 46.0 4.*22 18 PSA
1026 31652 22*64958200 220 38.0 es 44.U09J)U050J 4.0 b.0 31.0 4.64 11 LAC
1037 31664 "OMAM d2.66391600 22.0 39.0 42.9 30.6440040 10.0 3600 S3.0 161 42 I PEG
1020 31681 22.67691600 22.0 40.0 3S1 47.0*U3461u0 -47.0 4.,0 6.0 2.4 0 a GnU
1029 31706 NATAR 22*68930600 22*0 4lo0 2lb 10.0UJ777700 30.0 3.0 1600 3Je0 44 4 PEG
1030 317099441200 2709900 220 402O 3* -*16611000 -6l.0 33e0 68.0 4*34 0 a OCT
1031 31776 22.74734000 2200 44.0 S0S 3o.160063J0U a30 2**0 ble0 4.14 47 . PEG
1032 31118 22794902700 220 4*.0 64S 11099277170 lieu0 S9e0 J4e0 4Jl 96 C PEG
1033 31813 22*77483800 22.0 *4.0 2609 -bSUie38000 -53.0 30.0 .0 3.69 0 E GNU
0134 31836 22.79566600 220 47.0 440% -1371777710 -I3.0 44.0 4U.0 4.21 711 T AUR
103S 31851 22*8016600 220 4.0 I6. 44.43669uu 0 249.0 90U J.el 4 " PEG
3036 3187 *3.80713800 220 468.0 3s-. 403UI00OU 66.0 e0 36.0 1.60 32 I LIP
1037 3189 220830Ub00 20 0.66600 *f .1)eU16U600 -3)*U 3.0 4260 4.2 22 G PSA
1038 31903 3289647200 22.0 S0.0 47*3 *7.166304u0 7.0 4b.0 69.0 J1.4 73 13 A4
1039 31913 SKAT 22867980800 2.0 52. 0 47.Y6 I4.6u?499vu -160 0 27.0 Jb.1 76 O ABA
04000 31974 2.9002200 .0 Sq.U0 . 272)a

JU O  
-3 .0 43,0 j.0 4.11 23 a PSA

1041 32000 FOMALHAUT 2292866600 22.0 i.0 1 #3.2 -"9.UOIjjUU *g.0 400 JU. 3.9 24 A PSA



TABLE I. - STAR IDENTIFICATION CATALOGUE- Concluded

1042 32061 229803610UU 22.U 58.0 499.j -2*'9422
2
UU "2.0 56.U 32.0 941b 0 Z GRU

Io93 32095 23.005U83UU 23.0 .0 18.3 92.13749VUU '2.0 8.U 15.0 3.6UV 1 0 AND
U194 32135 SCHEAT 23.03455500 23.0 2.0 9.9 17.894990U 27.U 53.0 33.0 2.61 53 f PEi

1045 32131 23.03488900 23.0 2.0 5.6 3.6313dd8U 3.0 37,0 53.0 b58 9 B PSc
1096 32149 MRKA 23Ou050249 23.0 3.0 .9 15.01666670 15.0 1.0 *0 57 54 A PE6
1047 32189 23*08188600 23.0 .o 54.8 -49370999900 -93.0 42,0 36.0 4.35 U j GRU
048 32196 23*08733300 23.0 5.0 199q 9.21999990 9.0 13.0 12.0 4.69 55 PrG
1049 32237 23.11297100 23.0 6.0 96.7 75.198332UU 75.0 11.0 59.U 9.56 33 P CEP
1050 32296 23*12636100 23.0 7.0 39.9 -21.36277700 -21.0 21.U0 6.0 J3.8 88 AUR
1051 3227u 23.13972100 23.0 8.0 23.0 -45.936666UU -49.0 26,0 12,0 49.U 0 I (RU
1052 32316 23.18233300 23.0 10.0 56.4 49.21472100 4990 12.U 53.U 9.62 7 AND
1053 32346 23.20847100 23.0 12.0 30*. -6*23805,U0 -6.0 19I0 17.0 9.90 90 V AaR
1059 32374 23.2393050U 23.0 14.0 3.5 -9*27861110 -9.0 16.0 93.0 9496 91 y AQR
1055 32915 23.25583200 23.0 15.0 21.0 3.09083330 3.0 5.0 27.0 3.85 6 ( PSC
1056 32413 23.25661000 23.0 '15.0 23.8 -58.9280550u -5 20 250 0 4910 0 G TUC
1057 32429 23.26808300 23.0 16.0 5.1 -9.37388o9U -9.U 2210 26.0 4.56 93 V AHR
1058 32450 23.28227800 23.0 16.0 56*2 -3272305500 -3z.0 43.u e3.U l U (. SCL
1059 32503 KLHE 23.31502700 23 0 18.0 5941 23.b9861100 23.0 32.0 55.0 9.65 62 ! PL6
1060 32540 23.35222100 23.0 21.0 8.0 -Z0.2919 U0 -20.0 17.0 31.20 2U Yb AGR
1U61 32585 23*39380b00 23.0 23.0 37.7 23.2I111LUU 23.U 12.0 40.U 49.7 66 U PL6
1062 32594 23.40347200 23.0 24.0 12.5 -20.83416600 -20.0 50,0 3.0 4.52 99 AWr
1063 32647 23.93649900 23.0 26.0 11.9 6.16638bYU 6.0 11,0 11.0 49*.5 0 J PSC
1069 32667 23-45636000 23.0 27.0 22.9 "2.56722d10 12.0 39,0 2.0 9.67 70 PEG1065 32744 23.51830500 23.0 31.0 59 -38012221UU -38.0 . 14 90 9.96 U B SCL
IU66 32832 23.59738900 23.0 35.0 50.6 9626833JU00 6.0 16.0 6.0 4.U00 6 L AND
1067 32850 23*60688800 23.0 36.0 29*8 493074166UU0 930 9.0 27.0 9.28 17 I AND
1068 32875 ALRAI 23.63155500 23.0 37.0 53.6 77.43694300 77.0 26.0 13.0 3.92 35 6 CEP
1069 32879 23.63580500 23.0 38.0 8.9 5493638890 5.0 26.0 11.0 9.28 17 I PSC
1070 32886 23.64461000 23.0 38.0 '0.6 q4.19u0000U 94.U 6.0 24.0 4.33 19 K AND
1071 32917 23*67097100 23.- 90.0 15. 1.,6'49999 3.0 35.U 15.0 9.61 18 L PSC
1072 32931 23.68177700 23.0 40.0 594. -14*73861110 -10O 499,0 19.0 4.62 I05 A AwR
1073 33050 23.78508300 23.0 47.0 6.3 -28*32388900 -2.R0 19,0 26.0 9.64 U 0 SCL
107'4 33160 23.87708300 23.0 52.0 37.5 57.30972100 57.0 18.0 17.0 9.UV 7 R CAS
1075 33230 23493283200 23.0 S5.0 58.2 29.9469900 24.0 56,0 99,0 4.75 89 y PEG
1076 33262 23.95852700 23.0 57.0 30U7 6.66999994444U 6. 10.0U .03 28 A PSC
1077 3328 23.9*849900 -23.0 5b.0 66 -65.77199900 -65.0 96.0 19.0 4.71 O E TUC
1078 33321 23.997U2700 23.0 b9.O 49*3 -7/125888U "-'77 15U.0 32.0 4*J 0 J OCT
ALZM 279.112310

LAT * -3.831588 LON i -155.319080
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rTRANSLUNAR INJECTION
BURN

TRANSLUNAR COAST

SPTC

C EARTH VIEWS O
s555 Sr S S

MOON VIEWS -
ir~

IIIIIIIIIII11

PRIOR TO LOI O

LUNAR ORBIT
INSERTION BURN

I LM AND CSM IN
LUNAR ORBIT

TRANSEARTH INJECTION
BURN

ITRANSEARTH COAST

00 AFTER TEl

MOON VIEWS

' EARTH VIEWS

ENTRY PHASE

ECLIPTIC REFERENCE
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EQUATORIAL

ECLIPTIC
PLANE

PLANE (ASCENDING NODE)

. .ASCENDING.

LUNAR ORBIT EQUATORIAL DIRECTION OF PRECESSION
PLANE NODE LINE IN ECLIPTIC PLANE

FIGURE 1.- ILLUSTRATION OF LUNAR ORBIT PLANE IN YEAR 1969
INCLINATION ANGLE (i)= 280

RIGHT ASCENSION OF ASCENDING EQUATORIAL NODE (.)= 5°
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EQUATORIAL
LANE

LINE OF
... . . E Q U IN O X E S 1

SUN//

EC LIPTIC PLANE

TO ARIES

Figure 2.- Sun-centered inertial geometry of Apollo 10 (Mission F).
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TEl LOI

EQUATORIAL 
N ENTRY

PLANE
TLI

28.50

LUNAR SUN
PLANE

T
TO ARIES

Figure 3.- Position of the moon at various stages of Apollo 10 (Mission F).
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I

I

NOTE: FOR ALL MANEUVERS
CREW IN HEADS-DOWN
POSITION RELATIVE TO
THE EARTH OR MOON

I
I

Figure 4.- A schematic of the maneuver attitudes and lighting for the
nominal mission.
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TRANSLUNAR INJECTION
BURN
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SEQ 4 7 IS 25 Ao 950 98'4 101 10r4 o106

X 8 I -23 -1 -13 2' 10 -12 11 6

y 0 -2 -15 -7 6 -13 -18 -21 -5 -9

RE= 3547 n. mi. hE =119 n. mi.

Vi = 25 569 fps Field of view = 1000 Vi = 17 433 mph

20 20

10 10

0 0- 0

-10 .- 10

-20 Fomalhaut .- 20

-20 -10 0 10 20
X, nd

(a) Begin TLI (g.e.t. = 2:31:20.4).

Figure 6.- Translunar injection burn.
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SEQ s 7 is 22 25 31 41 63 75 80 984 1049 10946

X in0 21 3 .23 19 -12 20 9 0 1 -11 13 1L4

Y -4 5 -8 -20 5 -13 8 2 3 5 0 -24 -10 -15

RE= 3552 n. mi. hE = 126 stat. mi.

Vi = 29 558 fps Field of view= 100 Vi = 20 153 mph

10 _ - 10

20 -3l0 20

............ ............. iiiiiiiii.iiii.i.i

-2. .- 20

-20 -10 0 10 20

X, nd

(b) Middle of TLI (g.e.t. = 2:34:11.0).

Figure 6.- Continued.

..........
.. 1 ...... .... ....1 .

..........
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SEQ " 5 7 15 22 25 31 41 147 63 73 75 80 0to
X 1t 23 5 -22 21 -11 22 1 20 2 11 2 -9 -e8
y -9 I -12 -22 2 -17 '4 - 1 5 -1 1 0 -3 3

SEQ ii 11 2 170 144 1o4 10,46
X 7 B 12 0 15 10
y 9 9 12 11 -15 -19

RE = 3613 n. mi. hE = 196 stat. mi.
Vi = 35 598 fps Field of view = 1000 V. = 24 2 71 mph

20 20

10 eSu 10

S10

0 + 0

-10 •* -10

-20 * -20

-20 -10 0 10 20
X, nd

(c) End of TLI (g.e.t. = 2:37:02.3).

Figure 6.- Concluded.
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00 PTC .

,rzrz
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SEQ 4 5 22 31 97 507 5U9 590 b77 580 592

X -23 -8 -8 -5 "j 22 19 21 17 22 16

y 22 17 20 19 21 4 5 0 -2 -9 -4

SEQ 6bO 610 62' 33
9  651 690 795 755 849

x 15 20 17 13 13 7 0 0 -9

Y -7 -23 -23 -14 -20 -21 -23 -18 -9

Field of view = 100'

20 *20

20

-10 10

oo

Vega o

-20 - -20

Arcturus-

-20 -10 0 10 20

X, nd

(a) Roll = 00.

Figure 7.- Passive thermal control.
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SEW 4 5 22 31 47 507 509 5'40 580 6bU4 61u
x -2Z -17 -20 -19 -21 -4 -5 0 IU 7 93
Y -22 -8 -8 -5 -1 22 19 21 22 16 2u

SLW 644 639 651 69U 7 b 765 S4
9 

931 9,z 90
x 23 14 20 21 23 18 U0 I -1 0
Y 17 13 13 7 0 U 9 -16 -1~ -ZU

Field of view = 100"

20 . -- ... 20
Arcturus

\

X, nd

Figure 7.- Continued.Figure 7.- Continued.
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sE 14 5 22 31 97 507 509 540 577 580 60 610 624
x 23 8 a 5 q4 22 -19 -21 -17 -22 15 .20 -17
Y -22 -17 -19 -19 -21 .4 5- 0 2 10 8 23 29

5EQ 639 651 690 745 849 903 931 942 950 971

x "13 -13 -7 0 9 12 16 14 20 7
Y 15 21 21 23 10 3 1 -1 1 -6

Field of view = 100*

-Arcturus

20 - 20

20

10

0 0Alioth -10 0 0 20

) Roll = 180Figure 7.- ContinueDeneb

-20 " * -20

-20 -10 0 10 20

X, nd

(c) Roll = 180*.

Figure 7.- Continued.
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Lg '4 5 22 31 47 507 5U9 540 580 60' 610 624

X 22 17 2U 19 21 4 5 0 -10 -7 -23 -23

Y 23 8 8 6 4 -21 -19 -21 -22 -15 -20 -17

SEW 639 651 690 795 755 950

A f'4 .20 -21 -23 -18 0

Y 1el3 -12 -6 u 0 20

Field of view = 100'

2
20

/

0 I

-0- -1
-io

Arcturus

-20

. . ......... I ...... .... I....

-20 -10 0 10 20

X, nd

(d) Roll = 2700.

Figure 7.- Concluded.
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Preceding page blank

TRANSLUNAR COAST



SL5 , 61R 7i7 719 ;: 736 7 H 9 7'3 / , ,
A I 7 -iJ -9 9 71

S 2 2 t ., 13 ' I ; -12 -1 -I

RE = 24 247 n. mi. h1E = 23 943 stat. mi.
V.= 13 282 fps Field o 30 V = 9056 mph

20
20

4 -10

10

-10 . -10

-20 -- 20

-20 -10 0 10 20

X, nd

(a) Ge.t. = 5 hours.

Figure 8.- Translunar coast - constant field of view (moon).



45

Reproduced frort
best available copy.:

LQ /89 79 1 1 11 1 -- 4 Irit i/I

S 1'4 13 1. 11 -3 -7 -17 -I7

RE = 53 086 n. mi. hE = 57 130 stat. mi.

V i = 8521 tps Field of view= 300 V. = 5809 mph

20 20

10 10

r <

-10-10 -10

-20 -20

-20 -10 0 10 20

X, nd

(b) G.e.t. = 10 hours.

Figure 8.- Continued.
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S3 L 78 9  793 797 ',12 836 ,914 84 8 l

S9 1? 1 2 1 -7 -1

Y 2~ 22 ?) a I -

RE = 74 823 n. mi. 1iE 
= 8 2 145 stat. mi.

Vi = 6876 fps Field of view = 300 Vi = 4688 mph
.. .. .. . . . .,

20 20

-10 -10

-20 -20

-20 -10 0 10 20
X, ncl

(c) G.e.t. = 15 hours.

Figure 8.- Continued.



47 Reproduced from
best available copy.

" 2 U1  i .: 'i

RE= 93 139 n. mi. hE = 103 222 stat. mi.

Vi = 5926 fps Field of view = 30 °  Vi = 4040 mph

20 20

10 " 10

0 0

-10 -10

-20 -20

-20 -10 0 10 20

X, nd

(d) G.e.t. = 20 hours.

Figure 8.- Continued.
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SEQ 836 841 8'4 661

X -1 6 -7 -9
Y 13 13 9 0

RE =109 252 n. mi. h = 121 /65 stat. mi.

Vi = 5273 fps Field of view = 300 Vi = 3592 mph

20 20

10 * 10

-10 -10

-20 -20

....... . ........... I . .......... ......... I......... . ....

-20 -10 0 10 20
X, nd

(e) G.e.t. = 25 hours.

Figure 8.- Continued.



SL 83o !1 4j - dj
A -1 o -, -. ( 2
Y -, I, 12 2

RE= 123 762 n.-mi. hE = 138 463 stat. mi.

Vi = 4782 fps Field ot view = 300 V = 3260 mph

20 20

10 10

0 0

-10 -10

-20 -20

..L.. I . ...... I......... .. ..... I. . . .......... I ....

-20 -10 0 10 20

X, nd

(f) G.e.t. = 30 hours.

Figure 8.- Continued.
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Y S 1, 1 I 

RE = 13/ 022 n. mi. hE = 153 721 stat. mi.
V. = 4391 tps Field of viewV= 300 Vi = 2994 mph

20 20

10 10

0 0

-10 -10

-20 -20

. . . . .... I . . . . . . . . . . . . .I . . . . . . .i .. ........ I ....

-20 -10 0 10 20
X, nd

(g) G.e.t. = 35 hours.

Figure 8.- Continued.



Sc 436 84I a s 64 d71

Y 2j 2;) i

RE = 149 265 n. mi. hE = 167 810 stat. mi.

V. = 4068 fps V. = 2774 mph
Field of view = 30 °

20 -20

10 -10

0 0

-10--10 -10

-20 -20

-20 -10 0 10 20

X, nd

(h) G.e.t. = 40 hours.

Figure 8.- Continued.
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SE d36 84 F34 - 1 7 1

Y 21 2 17

RE = 160 655 n. mi. hE = 180 917 stat. mi.
Vi = 3794 fps Field of view= 300 V = 2587 mph

20 20

10 10

0 0

-10 -10

-20 -20

.. . .... . . . . . . . . . . .. . .. . . . . . . . . . I . . . . . . . . . .. . .
-20 -10 0 10 20

X, nd

(i) G.e.t. = 45 hours.

Figure 8.- Continued.
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SL o 4 3 1 4 1

A - -, -! 2
y 2 24 j i

RE 171 319 n. mi. hE =193 187 stat. mi.

V i = 3559 fps Field of view 30 V= 242/ mph

20 20

1010

.0 0

-10 - -10

-20 -20

-20 -10 0 10 20

X, nd

(j) G.e.t. = 50 hours.

Figure 8.- Continued.
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SEW 836 891 849 861 871

x -1 6 -b - 2
Y 4 9 29 z2 1(U 9

RE = 181 358 n. mi. hE = 204 742 stat. mi.
Vi = 3356 fps Field of view= 300 V = 2288 mph

20 -20

10 10

0 0

-10 -10

-20 -20

-20 -10 0 10 20

X, nd

(k) G.e.t. =- 55 hours.

Figure 8.- Continued.
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SEQ 836 89 861 ,71
X -1 . -4 I
Y 2? 20 11 10

RE = 190 865 n. mi. hE = 215 682 stat. mi.

Vi = 3184 fps Field of view= 300 Vi = 2171 mph

20 20

10 -10

00

-10 --io

-20 -20

-20 -10 0 10 20
X, nd

(I) G.e.t. = 60 hours.

Figure 8.- Continued.
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SEQ a~s6 se 841 e71
X 1-i -1e -9 .-3

y 21 1N E Ic

RM = 27 876 n. mi. hM = 33 575 stat. mi.

V. = 3782 fps Field of view = 30 Vi = 2579 mph

20 20

0 -

-10 -10

-20 -20

...... .................. I . . ......... .... ........

-20 -10 0 10 20

X, nd

(m)G.e.t. = 65 hours.

Figure 8.- Continued.
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SEQ e36 e4 e861 e71
X -15 -1.9 -1C -E
y 21 13 8 Ic

RM= 16 471 n. mi. hM = 17 874 stat. mi.
Vi = 3921 fps Field of view = 30* Vi = 2673 mph

20 20

o 0

-10 . - 10

-20 - -20

..... I. . ...... ..... ... ..-... ....

-20 -10 0 iO0 20
X, nd

-n) G.e.t. = 70 hours.

Figure 8.- Continued.
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SEQ e841 844 .841 871
X -23 -23 -1.3 -IC
y 1 C 0 6

RM= 4073 n. mi. hM= 3607 stat. mi.
Vi = 5129 fps Field of view= 30 Vi = 3497 mph

20 - 20

10 - 10

0 0- 0

-10 -- 10

-20 -20

-20 -10 0 10 20

X, nd

(o) G.e.t. = 75 hours.

Figure 8.- Concluded.
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EARTH VIEWS
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RE= 16 433 n. mi. hE= 14 951 stat. mi. RE = 24 247 n. mi. hE = 23 943 stat. m,.

Vi = 16 348 fps Field of view = 26 Vi= 11 146 mph Vi = 13 282 fps ield of view 22 Vi 
= 

9056 mph

X, nd

(a) G.e.t. = 4 hours. () G.e.t. = 5 hours.

R E =31 
0 4

6n.mi.
V = 11 600 fps hE= 31 767 stat. mi. RE = 37 180 n. mi. hE = 38 826 stat. vi.

Field of view = 16* V = 7909 mph Vi = 10 485 fps view= 12 Vi = 7149 mph

0 '

>I

X, nd X, nd

(c) G.e.t. = 6 hours . (d) G.e.t. = 7 hours.

Figure 9.- Translmar coast- variable field of view (eardhi.



61,

RE= 
4 2 

8
32 

n. ml. hE =
4 5 

330 stat. mi. RE - 48 110 n. mi. hE = 51 404 stat. mi.

V.= 9670 fps Field of view = 11* V,= 6593 mph Vi = 9035 fps Field of view = 8* 6160 mph

X, nd

(e) C.e.t. = 8 hours. 
() G.e.t. = 9 hours.

RE= 5
3 

086 n. mi. h = 57 130 stat. mi.

Vi 8521 fps Field of view 8- V. 5809 mph RE 57 812 n. mi. h = 6 569 stat. mi.
V, 8092 fps Field of view =7 Vi= 5517 mph

X, nd X, nd

(g) G.e.t. = 10 hours. (h) G.e.t. = 11 hours.

Figure 9.- Continued.



62

RE= 
6 2 3 2 3 

n. mi. hE = 67 760 stat. mi. RE= 66 648 n.mi. hE= 72 737 stat. i.
Vi = 7725 fps Field of view = 8* Vi - 5267 mph Vi 7407 fps Field of view = 6 Vi = 5050 mph

r ..

X, nd X, nd

(i) G.e.t. = 12 hours. (j) G.e.t. = 13 hours.

R 70808n. mi. h 77524sta. mi. RE= 74 823 n. mi. hE = 82 145 stat. mi.

R E = 708 08 n. mi. hE = 77 524 staromi. V. = 6876 fps Field of view- 70 Vi = 4688 mph

Vi = 7126 fps Field of view= 6
°  

Vi = 4859 mph i

X, nd X, nd

(k) G.e.t. = 14 hours. (1) G.e.t. = 15 hours

Figure 9.- Continued.



S63

RE 78 707 n. mi. hE = 86 613 stat. mi. RE m 82 470 n. mi. hE 
= 

90 945 stat. mi.

Vi - 6650 fps Field of view 5* V i = 4535 mph Vi 6445 fps Field of view 5 Vi = 4394 mph

V 6258 ps Field of view VI= 4267 mph V= 6086 fps Field of view= V= 4150 mph

X, d X, nd

(p) G.e.t. = 18 hours. (p) G.e.t. = 19 hours.

Figure 9.- Continued.



64.

RE = 93 139 n. mi. hE = 103 222 stat. mi. RE= 96 514 n. mi. hE 107 105 stat. mi.

Vi = 5926 fps Field of view= 5. Vi= 4040 mph Vi = 5436 fps Field of view= 5 Vi= 3706 mph

X, nd X, nd

(q)G.e.t.= 20 hours. (r)G.e.t. = 21 hours.

RE= 99 807 n. mi. hE= 110 896 stat. mi. RE= 103 025 n. mi. hE= 114 599 stat. mi.

Vi = 5640 fps Field of view= 4* Vi = 3845 mph Vi = 5510 fps Field of view= 4* Vi= 3757 mph

X, nd X, nd

(s) G.e.t. = 22 hours. (t) G.e.t. 23 hours.

Figure 9.- Continued.



RE 106 172 n. mi. hE
= 

116 781 stat. mi. RE  109 252 n. mi. hE =
1 2 1 

765 stat, mi.

V 388sVi = 3674 mph Vi 5273 psVi 
= 

3592 mphVi w 5388 fps Field of view 4 = 3674 mph 5273 fps Field of view = 4V

X, nd X, nd

(u) G.e.t. = 24 hours. (v) G.e.t. = 25 hours.

RE= 112 268 n. mi. hE = 125 236 stat, mi. RE =115 225 n. mi. hE = 128 637 stat. mi.

Vi = 5165 fps Field of view= 4 Vi
= 

3522 mph Vi = 5062 fps Field of view = 4 Vi
= 

3451 mph

X, nd X, nd

(w) G.e.t. = 26 hours. (x) G.e.t. = 27 hours.

Figure 9.- Continued.



66 l

hE = 131 975 stat. mi. RE  120 969 n. mi. hE = 135 247 stat. mi.

Vi = 4964 fps Field of view 4 Vi= 3385 mph Vi = 4871 fps Field of view= 4 Vi = 3321 mph

,-<

X, nd X, nd

(y) G.e.t. = 28 hours. (z) G.e.t. = 29 hours.

RE 123 762 n. mi. hE =
13 8 

463 stat mi R 126 505 n. mi. hE
= 

141 619 stat. mi.

E V= 3260 mph V i = 3202 mph
V i = 4782 fps Field of view = 4* V = 4697 fps Field of view = 4*

. ..

-*<

X, nd X, nd

(aa)G.e.t. = 30 hours. (bb) G.e.t. = 31 hours.

Figure 9.- Continued.



67

RE= 
1 2

9 201 n. mi. hE 
= 
1
44 7 2

1 stat. mi. RE i131 851 n. mi. hE 
= 

148 374 stat. mi.

V i = 4616 fps Field of view 4 Vi = 3147 mph V = 4537 fps Field of view 4* Vi = 3093 mph

X, nd X, nd

(cc) G.e.t. = 32 hours. (dd) G.e.t. = 33 hours.

RE 134 457 n. mi. hE 
= 

150 770 stat. mi. RE= 137 022 n. mi. hE = 153 721 stat. mi.

Vi= 4463 Field of view 4
°  

Vi 3043 mph V 4391 fps Field of view = 4
=

-,

X, nd X, nd

(ee) G.e.t. = 34 hours. (ff) G.e.t. = 35 hours.

Figure 9.- Continued.
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RE = 1
3 9 54 6 

n. mi. hE
= 

156 625 stat. mi.

V. 4321 fps V 2946 mph E 142 031n. mi. hE= 159 485 stat. mi.

Field of view= 3
°  

Vi = 4254 fps Field of view 3- Vi = 2900 mph

X, nd X, nd

'li

R
E 

= 144 478 n. mi. hE
= 

162 304 stat. mi. RE
= 1 4 6 

889 n. mi. hE= 165 076 stat. mi.

V i 
= 4190 fps Field of view = 3

°  
Vi 

= 
2857 mph V i

= 4128 fps Field of view= 3
°  

V i
-2815 mph

X, nd X, nd

(1I) G.e.t. = 38 hours. (jj) G.e.t. = 39 hours.

Figure 9.- Continued.
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RE= 149 265 n. mi. hE = 167 810 stat. mi. RE 151 606 n. mi. hE =170 505 stat. mi.

V.i 4068 fps Field of view = 3* Vi = 2774 mph Vi = 4009 fps Field of view - 3* Vi =2733 mph

X, nd X, nd

(kk) G.e.t. = 40 hours. () G.e.t. = 41 hours.

RE 
1 53 

915 n, mi. hE 173 161 stat. mi. RE= 156 1
9 2 

n. mi. hE = 175 782 stat. mi.

V.i = 3953 fps Field of view= 3' Vi = 2695 mph V. = 3898 fps Field of view = 3 Vi =2658 mph

X, nd X, nd

(mm) G.e.t. = 42 hours. (nn) G.e.t. = 43 hours.

Figure 9.- Continued.



70,

RE = 158 439 n. ml.I hE = 178 367 stat. mi. R E 160 655 n. mi. hE = 180 917 stat. mi.

Vi = 3846 fps Field of view = 3* Vi = 2622 mph Vi = 3794 fps Field of view . 30 Vi = 2587 mph

X, nd X. nd

(oo) G.e.t. = 44 hours. (pp) G.e.t. = 45 hours.

RE= 162 843 n. mi. hE= 183 435 stat. mi. RE= 165 002 n. mi. hE= 185 920 stat. mi.

V i = 3745 fps Field of view = 3* Vi = 2553 mph V i = 3696 fps Field of view = 3 Vi = 2520 mph

a a

0*

X, nd X, nd

(qq) G.e.t. = 46 hours. (rr) G.e.t. = 47 hours.

Figure 9.- Continued.
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RE ' 167 134 n. mi. hE = 188 373 stat. mi. RE 
'

169 239 n. mi. hE = 190 796 stat. mi.

Vi = 3649 fps Field of view = 3* Vi = 2488 mph Vi 3604 fps Field of view = 3* Vi = 2457 mph

X, nd X, nd

(ss) G.e.t. = 48 hours. (tt) G.e.t. = 49 hours.

RE= 171 319 n. mi. hE = 193 189 stat. mi. RE
= 

173 374 n. mi. hE = 195 318 stat. mi.

Vi = 3559 fps Field of view 3* Vi = 2427 mph V. 3517 fps Field of view = 3 Vi = 2398 mph

X, nd X, nd

(uu) G.e.t. = 50 hours. (vv) G.e.t. = 51 hours.

Figure 9.- Continued.



72.

RE = 175 404 n. mi. hE = 197 890 stat. mi. RE 177 411n. mi. hE = 200 201 stat. mi.

Vi = 3475 fps Field of view = 3* Vi . 2369 mph Vi = 3434 fps Field of view = 3* Vi = 2341 mph

X, nd X, nd

(ww) G.e.t. = 52 hours. (xx) G.e.t. = 53 hours.

RE= 179 395 n. mi. hE = 202 484 stat. mi. RE= 181 358 n. mi. hE 
= 

204 742 stat. mi.
Vi = 3395 fps Field of view = 3- Vi = 2315 mph Vi. 3356 fps Field of view = 3* Vi = 2288 mph

X, ad X, nd

(yy) G.e.t. = 54 hours. (zz) G.e.t. = 55 hours.

Figure 9.- Continued.



73i

RE= 185 219 n. mi. hE = 209 185 stat. mi.

RE= 183 299. m. hE 206 975 stat. mifps Field of view Vi = 2239 mph
Vi = 3320 fps Field of view 3 Vi = 2264 mph Vi = 3284 fps

I .........

X, nd X, nd

(aaa) G.e.t. = 56 hours. (bbb) G.e.t. = 57 hours.

RE = 187 119 n. mi. hE 
= 

211 373 stat. mi. RE = 189 001 n. mi. hE = 213 537 stat. mi.

Vi 3249 fps Field of view 3- Vi = 2215 mph V i = 3216 fps Field of view= 3 V 
= 

2193 mph

X, nd X, nd

(ccc) G.e.t.= 58 hours. (ddd) G.e.t. = 59 hours.

Figure 9.- Continued.



74.

RE =190 865 n. mi. hE = 215 682 stat. mi. RE
= 

192 710 n. mi. hE = 217 826 stat. mi.
Vi = 3184 fps Field of view 3

°  
Vi =2171 mph Vi  3153 fps Field of view 3 Vi 2150 mph

X, nd X, ad
(eee) G.e.t. = 60 hours. (ff1) G.e.t. = 61 hours.

RE = 194 539 n. mi. hE 219 910 stat. mi. RE  1
9
6 353 n. mi. hE = 221 998 stat. mi.

Field of view 3, Vi - 2129 mph V = 3096 fps Fied of view = 3- Vi = 2111 mph

X, rd X, nd

(ggg) G.e.t. = 62 hours. (hhh) G.e.to = 63 hours.

Figure 9.- Continued.



75.

RM = 30 114 n. mi. hM= 
33 

575 stat. mi. RM = 27 876 n. mi. hM
= 

31 000 stat. mi.

Vi = 3782 fps Field of view 3 Vi
= 

2579 mph V, 3799 fps Field of view 3* Vi
= 
2590 mph

b

X, nd X, nd

(iii) G.e.t. = 64 hours. I (jjj) G.e.t. = 65 hours.

RM = 25 627 n. mi. h = 28 412 stat. mi. RM= 23 366 n. mi. h = 25 808 stat. mi.

V. = 3821 fps Field of view = 3* Vi 2605 mph Vi = 3847 fps Field of view 3 Vi 2622 mph

L o vl

X, nd 
X, nd

(kkk) G.e.t.= 66 hours. (Ill) G.e.t.= 67 hours.

Figure 9.- Continued.
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RM = 21 088-n. mi. hM = 23 188 stat. mi. RM = 18 792 n. mi. hM = 20 545 stat. mi.
Vi = 3880 fps Field of view = 3* Vi = 2645 mph Vi = 3921 fps Field of view = 3* Vi = 2673 mph

C -<

X, nd X, ed

.i ......

X, nd X, nd

(mmm) G.e.t. = 68 hours. (nnn) G.e.t. = 69 hours.

RM =16 471 n mi. h 17 874 stt. mi. RM  14 118 n. mi. h =ure15 167 sContinuedt. mi.
Vi = 3974 fps Vi = 2710 mph Vi = 4045 fps Field of view 3* Vi = 2758 mph

X, nd X, nd

(ooo) G.e.t. = 70 hours. (ppp) G.e.t. = 71 hours.

Figure 9. - Continued.
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RM = 11 725 n. mi. hM = 12 412 stat. mi. RM 09272 n. mi. hM = 9591 stat. mi.

Vi = 4145 fps Field of view 3 Vi = 2826 mph Vi = 4297 fpsField of view =3 Vi = 2930 mph

X, nd X, nd

(qqq) Ge.t. = 72 hours. (rrr) G.e.t. = 73 hours.

RM= 6758 n. mi. hM= 6696 stat. mi. RM 40
7 2 

n. mi. hM  3607 stat. mi.
Vi = 4555 fps Field of view 3- Vi = 3106 mph Vi = 5129 fps Field of view 3 Vi 3497 mph

0 "

X, nd X, nd

(sss) G.e.t. = 74 hours. (ttt) G.e.t. = 75 hours.

Figure 9.- Concluded.
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Preceding page blank 4

MOON VIEWS
55 55 5 r r



80

S69 144 150 186 206 231 2q8
.8 2 13 *15 9 c -12

a -20 -13 S 8 17 .19

RE 53 086 n. mi. hE = 57 131 stat. mi.

V. = 8521 fps Field of view= 30 V.= 5810 mph

20 Elnath 20

10 10

0 00

Aldebaran

-10 -10

-20 * -20

-20 -10 0 10 20

X, nd

(a) G.e.t. = 10 hours.

Figure 10.- Translunar coast - constant field of view (moon).



SEQ 144 1i0S 16 205 231
1 1 13 -15 10 1
I .1S -8 0 13 12

RE= 93 139 n. mi. hE = 114 600 stat. mi.

V. = 5926 fps Field of view= 300 = 4040 mph

Elnath
20 20

10 10

Aldebaran
0 0 0

-10 -10

-Sun

-20 - -20

. ............ i....... ...... ...... .......... ...... ..

-20 -10 0 10 20
X, nd

(b) G.e.t. = 20 hours.

Figure 10.- Continued.



82

S6 PI' 150 186 205
X 1 13 IS 10

a 1 05 ' 16

RE = 123 762 n. mi. hE = 138 463 stat. mi.
V. = 4782 fps Field of V. = 3260 mph.. Field of view = 30r

20 20

10 10

SAldebaran

S0
c2-

-10 -10
Sun

-20 -20

....... ......... !...... ........ .....

-20 -10 0 10 20
X, nd

(c) G.e.t. = 30 hours.

Figure 10.- Continued.



83

SEQ 144 iSO 186 205
.J 1 13 ,16 10
Y -8 -2 7 19

RE = 149 264 n. mi. hE = 167 810 stat. mi.
V. = 4068 fps Field of view 30 V = 2774 mph

20 20

10 10
Aldebaran

w *

-10 Sun 
-10

-20 -- 20

-20 -10 0 10 20
X, nd

(d) G.e.t. = 40 hours.

Figure 10.- Continued.



SLQ 1*q 150 166 205

x 0 12 lis t1
Y .5 1 10 21

RE = 171 319 n. mi. hE = 193 189 stat. mi.

Vi = 3559 fps Field of view 30 Vi = 2427 mph

20 - 20

Aldebaran

10 i0

0 0

-20

-20 S * -20

-20I ... ............. ............ ......... .. 12,

-20 -10 0 10 20

X, nd

(e) G.e.t. = 50 hours.

Figure 10.- Continued.



85

SEQ IA4 150 186 205

S U 12 -1'4 12
Y -2 2 13 24

RE = 190 864 n. mi.' hE = 215 682 stat. mi.

V. = 3184 fps Field of view 30 = 2171 mph

20 20

Aldebaran

10 10

0- -0p 0

Sun

-10 -10

-20 -20

.. .. .............. ...... .... ... ... ... I.........i ...

-20 -10 0 10 20

X, nd

(f) G.e.t. = 60 hours.

Figure 10.- Continued.
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SEQ 150 186
X 13 *14
Y 4 16

RM= 27 876 n. mi. hM = 31 000 stat. mi.

Vi = 3799 fps Field of view = 300 V = 2590 mph

20 20
Aldebaran

10 10

0 0

-20 - - -20

-20 -10 0 10 20

X, nd

(g) G.e.t. = 65 hours.

Figure 10.- Continued.



87\

X. 13 .14
9 21

RM= 16 471 n. mi. hM= 17 874 stat. mi.

Vi = 3974 fps Field of view = 30' V. = 2710 mph

20 - Aldebaran 20

10 10

Sun

0 * -0
* I

-10 " : -10

-20 - 20

...... .... ......... .. .. ... * 

-20 -10 0 10 20
X, nd

(h) G.e.t. = 70 hours.

Figure 10.- Continued.



88

SEQ 63
x 7

RM = 4073 n. mi. hM = 3607 stat. mi.

V.= 5127 fps V. = 3496 mph
1 Field of view= 300

.. -i

20 20

0 0

0oO 0
00.

-10 0 -10

-20 -. -20

-20 -10 0 10 20

X, nd

(i) G.e.t. = 75 hours.

Figure 10.- Concluded.



89

RE= 53 086 n. mi. hE= 57130 stat. mi. RE = 93 139 n. mi. hE = 103 222 stat. mi.

V. = 8521 fps Field of view 1 Vi = 5810 mph Vi = 5926 fps Field of view 1* Vi 4040 mph

.00

32 o c0 ° 6 o

0o C c *,

X, nd X, nd

(a) G.e.t. = 10 hours. (b) G.e.t.= 20 ho-rs.

RE = 123 762 n. mi. liE = 138 463 stat. mi. RE = 149 264 n. mi. liE = 167 810 stat. mi.

V= 4782 fps Field f view 2
°  

Vi
= 

32(60 mph Vi = 4068 fps Field of view 20 Vi
= 

2774 mph

O c

X, nd X, nd

(c) G.e.t.= 30 hours. (d) G.e.t.= 40 hours.

Figure 11.- Translunar coast - variable field of view (moon).



90

R = 171319 n. mi. hE.= 193 189 stat. mi. RE = 190 864 n. mi. hE = 215 682 stat. mi.
Vi = 3559 fps Field of view a 2* Vi 2427 mph Vi , 3184 fps Field of view 4- Vi = 2171 mph

00 a2O0 :
8 o8o

S P

0 ao0o c O 0

-cO

o 
0

Cf)

X, nd X, nd

(e) G.e.t. = 50 hours. (f) G.e.t. = 60 hours.

lo~~~~ vL -.I1 r oy n

blo
R M 16 471 n. mi. h E 

17 8 74 
slat. mi. R -4073 ni. mi.hE32tt. vi.

Vi 3921 fps Field of view 8- Vi 27 p =52 p Field of view =40' i=39 p

0 
8

, ed* e d -.

.Cp 0

X, nd X, nd

(g) G.e.t. = 70 hours. (h) G.e.t. = 75 hours.
Fiure 11.- Concluded.
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o PRIOR TO LOItsri sara rar rir/r/ a
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SEQ 498 515 535 595 557 561 569 574 580 5a89 99 610 617 624 61I
X -23 9 8 "Z0 -214 -22 all m22 22 -11 - li 16 -21 17 -11
Y -3 -19 *-| 2 7 6 4 7 -11 5 10 0 12 1 13

SEQ 6113 6'45 651 660 688 690 700 717 719 729 736 743 795 753
x -20 -13 22 -11 -9 2 15 -I 0 2 0 0 24 8
Y IS 14 3 15 19 8 114 21 20 21 23 2q 16 29

RM = 2216 n. mi. hM = 1470 stat. mi.
Vi = 6167 fps Field of view = 1000 V = 4205 mph

* \Antares

20 20

10 1010 / / - 0Acrux

Beta Crucis 1

SArcturus 0

-10 -10

0

-20 -20

......... .I . ....... I . .............. .I....

-20 -10 0 10 20

X, nd

(a) 30 min prior to LOI (g.e.t. - 71:38:17.6).

Figure 12 .- Constant inertial attitude prior to LOI.
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SEW 998 515 535 545 557 561 569 574 580 589 599 610 617 62'9 6'41

X -23 9 8 -20 -24 -22 -11 -22 22 I11 -18 16 -21 17 -11

Y -3 -19 -1Q 2 7 6 4 7 -11 5 10 0 12 1 13

SEQ 643 695 65S 660 673 688 690 700 717 719 72q 736 743 7q9 753

X -20 -13 22 -11 6 -9 iq 15 -1 0 2 0 0 24 8

S 1 15 15 I 14 19 8 14 21 20 21 23 2' 16 214

RM = 1512 n. mi. hM 
= 6 6 1 stat. mi.

Vi = 7072 fps Field of view 100 V. = 4822 mph

Antares-/.

20
20

/ 10
10 0 7

Acrux
* Beta Crucis

=- t Arcturus 0 0
0

-10
-10

-20 -20
-20

............... I. ......... I.............. .... ......... I. .

-20 -10 0 10 20

X, nd

(b) 15 min prior to LOI (g.e.t. = 71:53:17.6).

Figure 12.- Concluded.
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Preceding page blank

LUNAR ORBIT
INSERTION BURN
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SEQ ia- sis s3s $ss - 5s7 i4 *9 %I9 Sao 99 610 417
X -23 9 a -20 .249 .2 * .22 22 -1s 16 *20
Y *3 -It -I 2 7 6 q 7 oil Io 0 12

SEQ- 66o 673 4z2 641 6493 445 4,. 4It 690 700 745
X *t & I I "-11 -2 *13 a 9 29 15 24
Y is 5 | 9 Is J .. Y 8 54 16

RM = 1022 n. mi. hM = 9 6.7 stat. mi.
V. = 5625 mph

V. = 8250 fps Field of view = 100 5625 mph

20 - " 20

0 0

-10 • - -10

0

-20 -20

..... 1.........I ........ I..........I..........I ..

-20 -10 0 10 20
X, nd

(a) Begin LOI burn (g.e.t. = 76:08:17).

Figure 13.- Lunar orbit insertion burn.
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SEQ 44o 98 515 5s5 s 55 557 s561 69 57q 580 599 61 6'a 651 69U
X -11 -23 9 8 -19 -24 -21 -17 -22 22 "17 16 17 22 2'4
y -24 -3 -19 -1' 2 7 6. 4 7 -11 10 0 1 3 6

R M = 1000 n. mi.
RM 7038 fps h = 70.83 stat. mi.

Field of view = 1000 V. = 4799 mph

.......................... ......................

20 20

/ \
Acrux i

* *

S 'Arcturus

-10 -10

-20 " - -20

-20 -10 0 10 20
X, nd

(b) Middle of LOI burn (g.e.t. = 76:11:09).

Figure 13.- Continued.
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SEQ qqg q9e sis s53 s s .s7 S61 569 - 74 sea 610 62 6bl
X all *23 9 a 19 -4 02 l '52 z3 16 tlo 3
Y 1*4N 3 *-19 aI 2 7 6 4 7 "1 0 1

R M = 997.4 n. mi. hM = 67.87 stat. mi.

V. = 5483 fps V. = 3738 mph
Field of view = 1000

20 20

10 / 10
Acrux /

0 -" '"Arcturus- 0
0 3

-10 -10o

-20 - - -20

-20 -10 0 10 20
X, nd

(c) End of LOI burn (g.e.t. = 76:14:10).

Figure 13.- Concluded.
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LM AND CSM IN
LUNAR ORBIT



100

SEQ 7 IJ46

x "13 "19
Y U 2j

Vehicle number 1 with respect d = 48 ft
to vehicle number 2 Field of view = 40 V = 2.51 fps

20 -20

10 10

0 0

-10 -10

-20 -- 20

-20 -10 0 10 20

X, nd

(a) 18 seconds after separation.

Figure 14.- LM as seen from CSM.
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SEQ 7 10l4

X -13 -19
Y -8 11

Vehicle number 1 with respect d = 74 ft
to vehicle number 2 Field of view = 40* Vi = 2.51 ft

20 2020 10

10

S-10

-10 "

-20
-20

-20 -10 0 10 20

X, nd

(b) 36 seconds after separation.

Figure 14.- Continued.
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SEQ 7 13'o6
X -12 019
Y -1 8

Vehicle number 1 with respect d= 137 ft
to vehicle number 2 Field of view = 40 V= 2.51

20 - 20

10 - - 10

0 ~0

-10 -- 10

-20 - -20

-20 -10 0 10 20

X, nd

(c) 54 seconds after separation.

Figure 14.- Continued.
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SEL 7 IJU'46
x 1 ' 19
Y -I4 '4

Vehicle number 1 with respect d = 228 ft
to vehicle number 2 Field of view= 40 Vi= 2.52 fps

20 - 20

10 10

00

-10 
-10

-20 
-- 20

-20 -10 0 10 20

X, nd

(d) 1 minute 30 seconds after separation.

Figure 14.- Continued.
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SEQ 7 I'46
X -I1 19
Y -15 3

Vehicle number 1 with respect d = 273 ft
to vehicle number 2 Field of view- 40 V. = 2.53 fps

20 20

10 " - 10

0 0

= 0 0- 0

-10 - -10

-20 -20

-20 -10 0 10 20

X, nd

(e) 1 minute 48 seconds after separation.

Figure 14.- Continued.
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SL 1 10 46
X -0 "19
Y -17 U

Vehicle number 1 with respect d = 739 ft
to vehicle number 2 Field of view= 400 V = 2.66 fps

20 - - 20

10 - 10

0 - 0

-10 - - -10

-20 - -20

-20 -10 0 10 20

X, nd

(f) 4 minutes 48 seconds after separation.

Figure 14.- Concluded.
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SEG 4 7 25 63 1046
x -24 -i0 23 -10 w15
y -2 C 2 -24 16

Vehicle number 1 with respect d = 48 ft
to vehicle number 2 Field of = 2.51 fps

Field of view = 50

20 20

10 10

0 000

-10 -10

-20 -- 20

-20 -10 0 10 20
X, nd

(a) 18 seconds after separation.

Figure 15.- CSM as seen from LM.
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SEG 4 7 25 1046
X *24 ,10 23 -15
y -9 -4 =3 9

Vehicle number 1 with respect d = 74 ft
to vehicle number 2 Field of view= 500 V = 2.51 fps

20 20

10 10

0

-10o -10

-20 -20

. . ..I . . .. ... ... .. . ...... . ... .. . . . . . . I....

-20 -10 0 10 20
X, nd

(b) 36 seconds after separation.

Figure 15.- Continued.
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SEQ 4 7 25 1046
x a23 z10 23 -15
y -32 W9 a 4 6

Vehicle number 1 with respect d = 137 ft
to vehicle number 2 Field of view= 50 V = 2.51 fps

20 - 20

10 10

0- 0

-10 -10

-20 - -20

.. I ............... I ,,, ...... I ....... I....

-20 -10 0 10 20
X, nd

(c) 54 seconds after separation.

Figure 15.- Continued.
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SEG 4 7 25 984 1046
X c22 -9 24 -18 *15
V - lb "11 -5 24 3

Vehicle number 1 with respect d = 228 ft
to vehicle number 2 V = 2.52 fps

Field of view = 50* V

20 20

10 10

2 0 ~0

-10 -10

-20 -- 20

-20 -10 0 10 20
X, nd

(d) 1 minute 30 seconds after separation.

Figure 15.- Continued.
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SEG 4 7 25 984 1046
X -. 2 -9 24 -19 '15
yV 16 "12 -5 23 3

Vehicle number 1 with respect d = 273 ft
to vehicle number 2 Field of view = 50 V = 2.53 fps

20 20

10 10

0 0

-10 -10

-20 -- 20

.... ..... . .. I ......... I ..... .I ......... I. ,,.

-20 -10 0 10 20
X, nd

(e) 1 minute 48 seconds after separation.

Figure 15.- Continued.



SEG 4 7 25 984 1041 1046
x 121. ,8 24 -19 24 -15
yV 18 w14 =6 20 21 C

Vehicle number 1 with respect d = 739 ft
to vehicle number 2 Field of view= 50 V = 2.66 fps

20 20

10 10

-<
S 0 0 =

-10 -10

-20 - -20

-20 -10 0 10 20
X, nd

(f) 4 minutes 48 seconds after separation.

Figure 15.- Continued.
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SEQ 4 7 15 22 25 4j 63 72 75 0 %g 1121 112
X *-2 -5 22 m24 11 " .5 .- 6 "6 7 "13 w*4
y 0 o 6 7 1 .8 "11 -14 "13 -12 "1 "-20 -20

SEQ 12? 950 984 99; i0ol 1028 1041 1044 1046
X *1 23 " 22 22 14 -14

y -21 18 18 22 20 17 14 6 8

Vehicle number 1 with respect d = 48 ft
to vehicle number 2 Field of view= 100 V. = 2.51 fps

20 20

0 -0

-10 10

-99

C* .
0" 0

-10 •-i0

-20 . - -20

-20 -10 0 10 20
X, nd

(g) 18 seconds after separation.

Figure 15.- Continued.
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SEQ 4 7 15 22 25 41 63 73 75 6C o10 111 112
X "12 -5 22 -24 11 i-3 -4 .-1! 5 6 5 "13 *14
y .4 -3 4 -10 -1 11 '-15 -17 -17 -15 -21 -23 -24

SEQ 12E 95C 994 990 i001 1028 1041 1044 1046
X -1 1 23 8 4 21 2 13 -1 *7
y -24 14 j5 18 i 15 12 2 4

Vehicle number 1 with respect d= 74 ft
to vehicle number 2 V = 2.51 fpsField of view = 1000

20 20

..10 10

0- 0

-10 - -10

-20 - -20

. .. . . ..-. . . . . . . . .. . . . . . . . . ... . . . . . . . . . . . . . . .

-20 -10 0 10 20

X, nd

(h) 36 seconds after separation.

Figure 15.- Continued.
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SEQ 4 7 15 22 25 41 63 7 75 80 10 990
X aii .5 22 -24 11 -13 w4 *t5 -5 8 A "23
y -6 -4 4 -12 -2 -13 -16 -1i -18 -16 -22 13

SEQ 984 990 1001 1028 1041 j044 1046
X 09 4 20 21 13 -13 -7
y 13 17 18 14 11 0 3

Vehicle number 1 with respect d= 137 ft
to vehicle number 2 Field of view= 100 V. = 2.51 fps

20 20

10 10>-1

0 0

-10 --10

-20 - - -20

-20 -10 0 10 20

X, nd

(i) 54 seconds after separation.

Figure 15.- Continued.
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SEQ 4 7 15 22 25 41 47 63 73 75 80 108 904
X o11 -4 22 .23 12 12 *24 -. -14 -4 9 7 -16
Y -7 5 4 -14 -2 -"i4 -18 -i "20 -"9 v18 "23 25

SEQ 907 950 984 990 100 1028 1041 1044 1046
X 15 -23 -9 3 12 20 12- -7
Y 25 11 i2 16 18 14 11 0 2

Vehicle number 1 with respect d = 228 ft
to vehicle number 2 Field of view= 1000 V = 2.52 fps

20 20

10 10

0- 0
*

-10 -10

-20 - - -20

-20 -10 0 10 20

X, nd

(j) 1 minute 30 seconds after separation.

Figure 15.- Continued.
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SEQ 4 7 15 22 25 41 47 63 73 75 80 108 904
X -11 "4 2 -23 12 "12 -24 "' "14 *4 10 8 ,16

y -7 -5 4 -14 -2 "15 '18 *18 "21 -20 "1i "23 24

SEQ 90 950 984 990 1001 102 1041 i1044 1046
X -15 -23 -9 3 20 12 -13 -7
y 24 10 i1 16 s i15 11 0 1

Vehicle number 1 with respect d = 273 ft
to vehicle number 2 V.Field of= 2.53 fps

20 
20

10 10

0 0

-10 " -10

-20- * - -20

-20 -10 0 10 20

X, nd

(k) 1 minute 48 seconds after separation.

Figure 15.- Concluded.
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I TRANSEARTHINJECTION
BURN
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SEQ 2 31 $41 '7 63 73 7s eS 1o8 111 112 120 i4Q 150 151
X .23 *24 .l2 o23 04 at" is 8 1o -11 i s 15 2 -6 *1i

y -I v3 I .5 0 .5 o2 0 .S *O 10 -13 -13 ali -"i

SEQ I'6 205 207 21s 221 2 2 02 233 237 a9 245 296 252 2t6
X 2 6 e12 '4 14 ol 1 23 12 a 16 13 13 to

y a18 .21 '1 '19 -20 z*2 -21 -I *23 24 023 "2 24 '2)3

RM= 996.6 n. mi. hM 66.86 stat. mi.

V. = 5349 fps VField of view 100 = 3647 mph
Field of view = 100 i

20 - 20

10 
10

0 -* 
0

-10 
10

Alderbaran
Rigel

-20 ReSun -20
Capella

. .. .I . . . . . . . . . . . . . . I . . . . .. . I . .

-20 -10 0 10 20

X, nd

(a) Begin TEl burn (g.e.t. = 127:51:34).

Figure 16.- Transearth injection burn.
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SEQ z22 31 4i 47 63 . 73 is 8u io8 111 :12 120 l'i 14t

X -2 -23 3 -29 -12 -2: -4 -1i
4  

-s 8 6 -10 1 -1 -' --

y a -1 -3 1 -5 0 -5 -2 0 -S -10 -11 -1 . -13 -i=

SEQ ISI i~o 205 b7 21 3 zi 2, Zg Z3U J3 31 239 2s4 246 252 25C

X i0o U - 11 14 1, -1 "1 29 1- i2 16 13 1' 10

y -s -1 -2 -21 -1 -2u -23 -23 -18 -2 -2U -23 -23 - 2.

RM= 9 9 6 . 4 n. mi. hM = 66.63 stat. mi.
Vi =6842 fps VField = 4665 mph

Field of view = 1000

20 -20

io - -10

10*

-10 -- 10

Sun Alderbaran
Rigel

-20 -20
Capella

*

-20 -10 0 10 20
X, nd

(b) Middle of TEl burn (g.e.t. = 127:52:55).

Figure 16.- Continued.
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4 22 31 1 '4 7 41 73 76 iO 108 111 112 £ 1 49 jO150
.12 06 e23 w24 el2 e23 '4 *4 .9 8 6 *o10 *1 'i5 .2 86

* mi -1 3 1 05 O US .2 0 .5 010 w|. e$l3 0 L3 61

s15 186 ZOS 2U7 21I 2z 222 a30 ) 1 37 239 245 216 252 256
1IU 2 -5 a1 II I -13 9 V4 13 2. 16 13 11 Is
1iS e18 0 02 *"|1 *-9 .23 *23 1 '83 019 w22 2Z3 '24 33

R M = 998.8 n. mi. hM  69.45 stat. mi.

V.= 8582 fps V.Field of vie= 5851 mph
Field of view = 100* I

20 - 20

.<10 -100 x S0

S " Alderbaran

20 -- 20

Capella Rigel

- ..
-20 -10 0 10 20

X, nd

(c) End of TEI burn (g.e.t. = 127:54:14).

Figure 16.- Concluded.
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TRANSEARTH COAST
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Preceding page blank

AFTER TE
-~rS S - - -~ k S S _
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SEQ 972 975 976 980
X I I 16 -I 1 .

Y l(0 10 13 25

RM = 1175 n. mi. hM = 236 stat. mi.
V. = 8067 fps Field of view = 10 V = 5560 mph

20 20

10 -10

0 0

-10 -10

-20 -20

-20 -10 0 10 20

X, nd

(a) G.e.t. = 128:02:42.0.

Figure 17.- After TEl.



125

SEQ 961 972 975 976
X 13 11 -16 -19
y -9 10 10 13

RM = 1185 n. mi. hM = 247 stat. mi.

V.= 8041 fps V.Field of= 5482 mph
1 Field of view= 10" '

20 20

0 0

-10 -10

-20 -20

-20 -10 0 10 20

X, nd

(b) G.e.t. 128:03:00.0

Figure 17.- Continued.
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SEQ 961 972 975 976

1 13 11 -16 -13
y -9 10 10 13

RM = 1196 n.mi. hM = 257 stat. mi.

V.= 8015 fps Field of view 10 V. = 5465 mph

20 20

10 10

So o

-10 -10

-20 " -20

-20 -10 0 10 20

X, nd

(c) G.e.t. = 128:03:18.0.

Figure 17.- Concluded.
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MOON VIEWS
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gSEQ 535 551 566 582 593 595
- 18 *I 14 8 23 1 -12

Y 21 2 10 0 18 2q

RM = 6959 n. mi. hM = 6928 stat. mi.

Vi = 4977 fps Field of view = 40* V = 3393 mph

Spica

20 - - 20

* o 0.00

0o

-10 - -10

-20 - -20

-20 -10 0 10 20
X, nd

(a) G.e.t. = 130 hours.

Figure 18.- Transearth coast - constant field of view (moon).

. o : ... . . . .. . . . . . .. . . . . . . .. . . .
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sEQ 515 535 551 566 570 582

X 20 s18 -4 -19 7 24
Y -20 w7 17 25 16 14

RE = 189 948 n. mi. hE = 214 625 stat. mi.

V. = 3909 fps Field of view = 40' Vi = 2665 mph

20 20

10 - 10

0 0

-10 - - -10

-20 * -20

I I . . .. I . . .. . .. . . .

-20 -10 0 10 20
X, nd

(b) G.e.t. = 140 hours.

Figurel8.- Continued.
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SEQ 473 535 551 570
X 21 17 -23 *5
Y -23 7 6 19

RE : 166 086 n. mi. hE = 187 167 stat. mi.
Vi = 4285 fps Field of view = 400 Vi = 2922 mph

20 - - 20

10 - - 10

-0 O -0

-10 7 -10

-20 - -20
Regulus

-20 -10 0 10 20

X, nd

(c) G.e.t. = 150 hours.

Figure 18.- Continued.
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SEQ 80 515 535 551 570
x 21 24 18 -20 0
Y -29 w8 3 15 21

RE= 139 574 n. mi. hE =156 658 stat. mi.

V. = 4846 fps Field of view= 400 V. 3304 mph

20 -20

10 10
100

0 -

-10 -- 10

-20 -. -20

-20 -10 0 10 20

X, nd

(d) G.e.t. = 160 hours.

Figure 18.- Continued.
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SEQ 515 535 551 570 582
x 21 17 -17 3 20
Y -IO I 21 23 2q

RE = 109 081 n. mi. hE = 121 567 stat. mi.
Vi = 5716 fps Field of view = 400 Vi = 3897 mph

20 -- 20

10 - - 10

0 0

-10 -10

-20 - -20

-20 -10 0 10 20
X, nd

(e) G.e.t. = 170 hours.

Figure 18.- Continued.
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5Eg ,73 515 535 582

17 23
Y -24 -10 1 23

RE = 71 851 n. mi. hE = 78 722 stat. mi.

Vi = 7391 fps Field of view = 400 Vi = 5039 mph

20 " - 20

10 - 10

-o -<

0 - 0

-10 -10

-20 - -20

Regulus

-20 -10 0 10 20
X, nd

(f) G.e.t. = 180 hours.

Figure 18.- Continued.
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SEQ 973 '480 5 31 535 570

x -9 0 12 16 17
Y -18 -23 -13 -1 24

RE= 15 832 n. mi. hE = 14 257 stat. mi.

V. = 16 816 fps Field of view = 400 Vi = 11 465 mph

20 
20

10 10

10 0

0 -0

-10 -10

Regulus

-20 -20

-20 -10 0 10 20

X, nd

(g) G.e.t. = 190 hours.

Figure 18.- Concluded.
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RM = 6959 n. mi. hM = 6928 stat. mi. RE= 189 948 n. mi. hE = 214 625 stat. mi.

S= 4977 fps Field of view = V 
= 

3393 mph V 3909 fps Field of view 4 V = 2665 mph

" o ° o ' oC)0 .I, - -' 0 "0 Q "-'

°  ° 0 00
o o oo o 0' oo ** ' ' . * 0

X, o od X, nd

(a) G.e.t. - 130 hoars. (h G.e.t. = 140 hours.

O o 0 0

RE= 166 086 n. mi. hE
1 8 7 

167 stat. mi. RE= 
1 3 9 

574 n. mi. hE= 15 658 stat. mi.

Vi -4285 fps Field of view 2
°  2 V i  3304 mph

X n

oo 0 CP 0

* bo o O o

cz61" 0

o 0 6

00

X, nd

X, nd d

(c) G.e.t. = 150 hours. (d) G.e.t.= 160 hours.

Fii re 19.- TFieldseath oast - aria 2922 mph fiel of view (moo).

O--Z

o 6X, nd
X, nd g.

W .et.10 ous.WG6 t =10 ous

Fiue 9-Trnert ost-vribefil f iw(mo)
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RE= 109 081 n. mi. hE a 121 567 stat. mi.

Vi 5716 fps Field of view = 2* Vi = 3897 mph

X, nd

(e) G.e.t.= 170 hours.

RE= 71 851 n. mi. hE = 78 722 stat. mi. RE  48 35
1 

n. mi. hE= 51 697 stat. mi.

V = 7391 fps Field of view 1 Vi = 5039 mph V i = 9271 fps Field of view 1 Vi = 6321 mph

a 0 
*

*0,* 9o oo..

X, nd X, nd

(f) G.e.t. = 180 hours. (g) G.e.t. = 185 hours.

Figure 19.- Cencluded.
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EARTH VIEWS
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SEQ 990
X -4
y -10

RM = 6959 n. mi. hM = 6928 stat. mi.

V. = 4977 fps Field of view= 40 V. = 3393 mph

20. 20

0 -10

0 -0

10 -- 10

-20 -- 20

-20 -10 0 o10 20

X, nd

(a) G.e.t. = 130 hours.

Figure 20.- Transearth coast - Constant field of view (earth).
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SEQ 990
X -4
Y -9

RM = 20 406 n. mi. hM = 23 402 stat. mi.
Vi = 4409 fps Field of view 40 Vi = 3006 mph

20 20

10 - 10

0-0 0

-10 -10

-20 -20

-20 -10 0 10 20
X, nd

(b) G.e.t. = 135 hours.

Figure 20.- Continued.
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SEQ 990
X -4
y -a

RE = 189 948 n. mi. hE = 214 625 stat. mi.

V = 3909 fps Field of view 40 V. = 2665 mph

20 - 20

10 10

0 0

-10 - - -10

-20 - -20

-20 -10 0 10 20
X, nd

(c) G.e.t. = 140 hours.

Figure 20.- Continued.
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SEG 990

y -7

RE= 178 283 n. mi. hE = 201 203 stat. mi.

V i = 4076 fps Field of view = 40 V. = 2779 mph

20 -20

10 - 10
10

0 -0

-10 -10

-20 -- 20

-20 -10 0 10 20

X, nd

(d) G.e.t. = 145 hours.

Figure 20.- Continued.



142

$R0 990
X -4

RE = 1 6 6 086 n. mi. hE = 187 167 stat. mi.
Vi = 4285 fps Field of view = 40 °  Vi = 2922 mph

20 -- 20

10 - - 10

0 0 -0

-10 - - -10

-20 - -20

-20 -10 0 10 20

X, nd

(e) G.e.t. = 150 hours.

Figure 20.- Continued.
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SEG 990 1041
x w4 14
y -5 -24

RE = 153 229 n. mi. hE = 172 372 stat. mi.

V i = 4539 fps Field of view = 40 V. = 3095 mph

20- 20

1 10
10

0 10

-10 
-10

-20 
- -20

-20 -10 0 10 20

X, nd

(f) G.e.t. = 155 hours.

Figure 20.- Continued.
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SEG 99O 1041
X 4 4
V -4 -23

RE = 1 3 9 5 74 n. mi. hE = 156 658 stat. mi.
V. = 4846 fps Field of view = 400 V 3304 mph

20 - 20

10 .- - 10

0 0

-10 -10

-20 -- 20

-20 -10 0 10 20
X, nd

(g) G.e.t. = 160 hours.

Figure 20.- Continued.
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SEG 990 1041
X -4 14
y -3 -21

RE= 124 941 n. mi. hE =139 818 stat. mi.

V. = 5227 fps Field of view 40 V = 3564 mphIField of view = 40
20 - - 20

10 " - 10

0- 0

-10 - -/ -10

-20 - -20

-20 -10 0 10 20
X, nd

(1) G.e.t. = 165 hours.

Figure 20.- Continued.
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SEG 990 1041
x *4 14
Y -.1 -19

RE = 109 082 n. mi. hE = 121 567 stat. mi.

Vi = 5716 fps Field of view = 400 Vi = 3897 mph

20 - - 20

10 - - 10

0 -0

-10 i- -10

-20 - -20

-20 -10 0 10 20

X, nd

(i) G.e.t. = 170 hours.

Figure 20.- Continued.
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SEG 990 1041
X -4 14
y 1 -16

RE= 91 609 n. mi. hE = 101 461 stat. mi.

Vi = 6383 fps Field of view = 40* Vi = 4352 mph

20 -20

10 -- 
10

0 - 0
C =

-10 
- -10

-20.- -20

-20 -10 0 10 20

X, nd

(j) G.e.t. = 175 hours.

Figure 20.- Continued.
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SEG 990 1041
X -4 14
Y 5 -12

RE= 71 851 n. mi. hE = 78 722 stat. mi.

Vi = 7391 fps Field of view = 400 Vi = 5039 mph

20 - - 20

10 - - 10

0 0

-10 - -- 10

-20 - -20

-20 -10 0 10 20
X, nd

(k) G.e.t. = 180 hours.

Figure 20.- Continued.
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SEG 990 1041
x -4 14
y 13 45

RE = 48 351 n. mi. hE = 51 679 stat. mi.

V. = 9271 fps Field of view V = 6321 mph

20 - \ 20

10 - 10

0 0-
CL

-10 -10

-20 -- 20

-20 -10 0 10 20
X, nd

(I) G.e.t. = 185 hours.

Figure 20.- Continued.
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SEG 25
X 6
y *20

RE= 15 832 n. mi. hE =14 257 stat. mi.

V. = 16 816 fps V. = 11 465 mph
i Field of view= 400  I

20 20

O - - io

-10 -10

-20 - -20

-20 -10 0 10 20

X, nd

(m)G.e.t. = 190 hours.

Figure 20.- Concluded.
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RM= 4021 n. mi. hM = 177 stat. mi. RM = 6959 n. mi. h
M
= 6927 slat, mi.

V
i
= 8292 fps Field of view= 3 Vi

= 
5654 mph V

i
= 4977 fps eld of le 3. V 

= 
3393 mph

I .l

-I I __ I 

X, nd X, nd

(a) G.e.t.= 129 hours. (b) G.e.t. = 130 hours.

RM = 9762 n. mi. hM= 11 234 stat. mi. RM = 12 486 n. mi. hM = 13 288 stat. mi.

Vi = 4736 fps Field of view = 3" Vi = 3229 mph Vi = 4601 fps Fiell of view = 3 Vi = 3137 mph

I I

X, nlid X, id

(c) G.e.t.= 131 hours. (d) G.e.t. = 132 hours.

Fiqure 21.- Transearth coast - variahle field of view (earlth).
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RM = 15 158 n. mi. hM = 16 364 stat. mi. RM = 17 795 n. mi. hM = 19 399 stat. mi.

Vi 4513 ps Field of view= 3 Vi = 3077 mph Vi = 4453 fps Field of view= 3 Vi = 3036 mph

X, nd X, nd

(e) G.e.t. = 133 hours. (I) G.e.t. = 134 hours.

RM = 20 406 n. mi. hM = 22 402 stat. mi. RM= 22 997 n. mi. h 
= 

25 384 stat. mi.

Vi = 4409 fps Field of view= 3. Vi = 3006 mph Vi 
= 

4376 fps Field of view= 3 Vi= 2983 mph

a-<

X, nd X, nd

(g) G.e.t.= 135 hours. () G.e.t.= 136 hours.

Figure 21.- Concluded.
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RM= 25 572 n.'mi. hM= 28 348 stat. m. . RM= 28 136 n. mi. hM= 31 298 stat. mi.

Vi = 4350 fps Field of view= 3 Vi
= 

2966 mph V = 4331 fps Field of view= 3 Vi = 2953 mph

X, nd X, nd

(i) G.e.t. = 137 hours. (j) G.e.t. = 138 hours.

RE - 189 948 n. mi. hE 
= 

214 625 stat. mi.
RM = 30 690 n. mi. hM = 34 237 stat. mi. V= 3909 ps V.= 2665 mph
Vi = 4315 fps Field of view= 3 Vi 

= 
2942 mph Vi Field of view = 32

X, nd X, nd

(k) G.e.t. = 139 hours. (I) G.e.t. = 140 hours.

Figure 21.- Continued.
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RE = 1.) 948 n. mi. hE 
= 

211 981 stat. mi. RE = 185 337 n. mi. hE = 209 320 stat. mi.

V.= 3909 fps V = 2665 mph Vi = 3970 fps Field of view = 3* Vi = 2701 mpll
Field of view= 30

_.___

X, nd X, nd

(m) G.et. =141 hours (n) G.e.t. = ]42 hours.

RE = 183 006 n. mi. hM = 206 637 stat. mi. R = 180 655 n. mi. hE
= 

203 932 stat. mi.

Vi= 4003 fps Field of view= 3 Vi
= 

2729 mph Vi = 4038 fps Field of view= 3 Vi 
= 

2753 mph

X, nd X, nd

(o) G.e.t. = 143 hours. (1) G.e.t.= 144 hours.

Figure 21.- Continued.
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RE = 178 283 n. mi. hE = 201 203 stat. mi. RE = 175 891 n. mi. hE = 203 932 stat. mi.
Vi = 4075 fps Field of view= 3- Vi = 2778 mph Vi = 4114 fps Field of view = 30 Vi 

= 
2805 mph

. . .

X, nd X, nd
(q) G.e.t. = 145 hours. (r) G.e.t. = 146 hours.

RE= 173 475 n. mi. hE = 195 670 stat. mi. RE = 171 037 n. mi. hE = 192 865 stat. mi.
Vi = 4154 fps Field of view 3 Vi = 2832 mph Vi= 4196 fps Field of view= 3 Vi 

= 
2861 mph

I I

* ___ -<

X, nd X, nd

(s) G.e.t. = 147 hours. (t) G.e.t. = 148 hours.

Figure 21.- Continued.
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RE = 168 574 n. mi. hE = 190 029 stat. mi. RE = 166 086 n. mi. hE
= 

187 167 stat. mi.

Vi = 4240 fps Vi = 2891 mph Vi = 4285 fps Field of view= 3= V
= 

2922 mph
Field of view= 3F

8 t

X, nd X, nd

(u) G.e.t.= 149 hours. (v) G.e.t.= 150 hours.

RE=163 572 n. mi. hE= 184 273 stat. mi. RE= 161 030n. mi. hE= 181 348 stat. mi.

Vi = 4332 fps Field of view= 3 Vi
= 

2954 mph V i = 4381 lips Field of view = Vi
= 

2987 mph
I I

. . . . . . . . . . . . .I I
X, nd X, nd

(w) G.e.t. = 151 hours. (x) G.e.t. = 152 hours.

Figure 21.- Continued.
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RE = 158 460 p. mi. hE= 178 390 stat. mi. RE= 155 860 n. mi. hE = 175 399 stat. mi.

Vi = 4432 fps Field of view = 3' Vi 3022 mph V = 4484 fps Field of view= 3' Vi = 3057 mph

I I

. . . ... ........

X, nd X, nd

(y) G.e.t. = 153 hours. (z) G.e.t. = 154 hours.

RE= 153 230 n. mi. hE = 172 371 stat. mi. RE= 150 567 n. mi. hE= 169 308 stat. mi.

Vi = 4539 fps Field of view= 3' Vi = 3095 mph Vi 
= 

4595 fps Field of view = 31 Vi = 3133 mph

(aa) G.e.t. = 155 hours. (bb) G.e.t. = 156 hours.

Figure 21.- Continued.Figure 21.- Continued.
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I1 147 872 n. mi. hE = 166 206 stat. mi. RE = 145 143 n. mi. hE= 163 06, sta(

Vi 4654 fps Field of view= 4
°  

Vi 3173 mph Vi = 4716 fps Field of view = 4
°  

Vi 
= 
3215 mph

X, rid X, nd

(cc) G.e.t. = 157 hours. (dd) G.e.t. = 158 hours.

RE= 142 377 n. mi. hE= 159 882 stat. mi. RE= 139 574 n. mi. hE= 156 658 stat. mi.
V.= 4779 fps Field of view = 4

°  
Vi = 3258 mph Vi = 4846 fps Field of view = 4 Vi = 3304 mph

X, nd X, nd

(ee) G.e.t. = 159 hours. (ff) G.e.t. = 160 hours.

Figure 21.- Continued.
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RE = 136 732"n. mi. hE = 153 386 stat. ml. RE
= 

133 850 n. mi. hE= 150 070 stat. mi.
Vi= 4916 ps Field of view= 4 Vi 

= 
3352 mph Vi= 4988 fps Field of view Vi

= 
3401 mph

X, nd X, nd
(gg) G.e.t. = 161 hours. (hh) G.e.t. = 162 hours.

RE= 130 925 n. mi. hE= 146 705 stat. mi. RE =127 956 n. mi. hE = 143 288 stat. mi.
Vi = 5064 fps Field of view= 4* Vi 3453 mph Vi  5144 fps Field of view= 4 Vi 

= 
3507 mph

X, nd X, nd

(ii) G.e..= 163 hours. (jj) G.e.t. = 16 hours.

Figure 21.- Continued.
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SRE = 124 941 n. mi. hE = 139 818 stat. mi. RE = 121 877 n. mi. hE = 136 292 stat. mi.
Vi = 5227 fps Field of view = 4* Vi = 3564 mph V i 

= 
5315 fps Field of view = 4 Vi = 3624 mph

RE 
1 18 7

62 n. mi. hE= 132 707 stat, ml. RE= 115 593 n. mi. hE= 129 061 stat. mi.
Vi = 5407 fps Field of view= 4* Vi = 3687 mph Vi = 5504 fps Field of view= 4* Vi 

= 
3752 mph

X, nd X, nd

(mm) G.e.t. = 167 hours. (nn) G.e.t. = 168 hours.

Figure 21.- Continued.
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RE= 112 367 n. mi. hE= 125 348 stat. mi. RE= 109 082 n. mi. hE= 121 567 stat. mi.
V i = 5607 fps Field of view = 4* V i = 3823 mph Vi = 5716 fps Field of view= 4- Vi = 3897 mph

X, nd X, nd

(oo) G.e.t. = 169 hours. (pp) G.e.t. = 170 hours.

RE 10573 n. mi. hE 117 712 stat. m. RE= 102 315 n. mi. hE = 113 779 stat. mi.
RE= 10 573 n. mi. hE = 117 712 sta. mi. V.= 5956 fps V. = 4061 mph

Vi = 5832 fps Field of view= 5* Vi 
= 

3976 mph Field of view= 5
°

0 
-<

X, nd X, nd

(qq) G.e.t. = 171 hours. (rr) G.e.t. = 172 hours.

Figure 21.- Continued.
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RE= 98 826 o. mi. hE = 109 764 stat. mi. RE
= 

95 259 n. mi. hE = 105 661 stat. mi.
Vi = 6088 fps Field of view= 5 V = 4151 mph V = 6230 fps Field of view= 5. Vi= 4248 mphField of view= 5O Vi 

= 4248 mph

X, nd X, nd
(ss) G.e.t. = 173 hours. (tt) G.e.t. = 174 hours.

=91 609 ni. i hE = 101 461 stat. mi. RE
= 

87 871 n. mi. hE = 97 158 stat. mi.
Vi = 6383 fps Field of view= 5- Vi = 4352 mph Vi = 6549 fps Field of view= 5

°  
Vi= 4465mph

.I. ... . .

X, nd
X, nd

(ul) G.e.L. = 175 hours. (vv) G.e.t. = 176 ours.

Figure 21.- Continued.
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RE= 
8 4 

035 n. mi. hE = 92 744 stat. mi. RE 80 093 n. mi. hE = 88 208 stat. mi.

Vi = 6730 fps Field of view= 30 Vi = 4589 mph Vi = 6928 fps Field of view= 6
°  

Vi = 4724 mph

-T

x, nd X, nd

(ww) G.e.t. = 177 h,. (xx) G.e.L. = 178 hours.

RE = 76 036 n. mi. hE = 83 540 stat. mi. RE = 71 851 n. mi. hE = 82 685 stat. mi.
Vi 7147 fps Field of view = 6 Vi = 4873 mph V =7391 fps Vi = 5039 mph

viField of view =7
-'IJ

X, nd X, nd

(yy) G.e.t. = 179 hours. (zz) G.e.t. = 180 hours.

Figure 21.- Continued.
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RE= 67 523 I. mi. hE = 73 743 stat. mi. RE= 63 035 n. mi. hE= 68 579 stat. mi.
Vi = 7665 fps Field of view = 7 Vi = 5226 mph Vi 

= 
7977 fps Field of view = 7 Vi

= 
5439 mph

I I .

F vF vie 7-.I.-

X, nd X, nd

(aaa) G.e.t. = 181 hours. (bbb) G e.t. = 182 hours.

RE = 58 364 n. mi. hE = 63 202 stat. mi. RE= 53 482 n. mi. hE= 57 584 stat. mi.
Vi = 8338 fps Field of view= 8

°  
Vi = 5685 mph V = 8762 fps Field of view= Vi= 5974 mph

-II

(cc) G.e. = 183 hours. (ddd) G.e.t. = 184 hours.

Figure 21.- Continoued.Figure 21.- Continled.
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RE  48 351 n. mi. hE = 51 679 stat. mi. RE=
4 2 

920 n. mi. hE = 45 429 stat. mi.

Vi 9271 fps Field of view = 10 Vi = 6321 mph Vi = 9903 fps Field of view = 10 Vi = 6752 mph

/ \l

/ I

II - - -- - - . ..-.

X, nd X, nd

(eee) G.e.t. = 185 hours. (fff) G.e.t. = 186 hours.

RE 37 116 n. mi. hE = 38 750 stat. mi. RE= 30 
82 4 

n. mi. hE= 31 511 stat. mi.

Vi = 10722 fps Field of view= 12 Vi = 7310 mph Vi = 11 850 fps Field of view= 14* Vi = 8080 mph

iI ' - *

X, nd X, nd

(ggg) G.e.t. = 187 hours. (hhh) G.e.t. 188 hours.

Figure 21.- Continued.
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RE= 
2 3 

855 n. mi. hE= 
2 7 

452 stat. mi.

Vi = 13.577 fph Field of view 20- VI = 9257 mph

X, nd

(iii)G.e.t. = 189 hours.

RE= 15 832 n. ml. hE = 18 219 stat. m. RE 
= 

5678 n. ml. hE = 2571 stat. mi.

V = 16 816 fps V = 11 465 mph V = 28 394 ps Field of view= 80 Vi= 193 60 mph
Field of view = 36

X, nd X, nd

(jjj) G.e.t.= 190 hours. (kkk) G.e.t. = 191 hours.

Figure 21.- Concluded.
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ENTRY PHASE
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SEQ 307 222 270 271 281 290 301 308 323 328 32 349
X -17 *17 .I5 .11 4 16 0 16 2 2 23 6.
y 16 1'4 II 13 14 16 12 13 II 10 8 4

SEQ 36* 362 377 '440 473 40 ,507 509 bi$ 5s4 577 592
X & -4 21 i4 3 0 '19 2Z2 mj *,q 23 244
y 5 3 3 07 PI2 .14 "13 all *a. .If -2o aZ2

RE= 5410 n. mi. hE= 2262 stat. mi.
V. = 29 098 fps Field of view 100 V= 19 839 mph

20 . 20

Capella

, Sirius

10 / 10

0i0 *"

O x - 0

-10 - -10
* 1

-20 - . Moon -20

.. I...... . ..... ............... ... ......... ...

-20 -10 0 10 20
X, nd

(a) 15 min prior to entry (g.e.t. = 191:03:15.9).

Figure 22.- Entry phase.
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SEQ 207 222 270 271 290 301 308 323 328 392 349 356 362 377

X -17 -18 -15 -12 17 0 17 23 22 24 -6 6 -9 21

y 20 18 15is 17 20 16 17 15 14 12 8 9 7 6

SEQ 94q0 73 '48U 507 509 515 535 540 577 580 592, 604

X 1t 3 0 -19 -22 -1 0 -19 -22 -iq -2) -22

y -3 -8 9 -9 -8 -16 -20 -13 6 -23 .i8 -22

RE = 5072 n. mi. hE = 1873 stat. mi.

Vi = 30 065 fps Field of view = 1000 Vi = 20 499 mph

20 Cae - 20
rCapella... . . ..

.. Sirius

1 0 - . -1 0

0 -

0

Moon

* ,

-20 - -20

- .

-20 -10 0 10 20

X, nd

(b) 13 min prior to entry (g.e.t. = 191:05:15.9).

Figure 22.- Continued.
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SEQ 323 32H 3'2 319 356 362 377 40 473 4'80 507 509

X 24 23 24' -7 6 -4 22 14 3 0 -19 -21

y 18 17 15 13 14 12 10 U -3 -4 -b -4

SEQ, 515 535 590 551 566 570 577 580 592 60N

X -1 U -19 17 19 7 -22 -13 -22 -21
-11 -15 -9 -20 -22 -23 -13 -18 -15 -18

RE = 4746 n. mi. hE = 1498 stat. mi.

Vi = 31 092 fps Field of view = 1000 Vi 21 199 mph

20 20

0

10 * 10

-20 -20

-20 -10 0 -0 20

X, nd

(c) 11 min prior to entry (g.e.t. : 191:07:15.9).
Figure 22.- Continued.
Figure 22.- Continued.
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SEQ 377 '90 473 '480 507 509 515 535 540 551
X 22 t14 3 u -18 -21 -1 0 -18 16
y 14 5 1 0 0 0 -5 -10 -5 -16

SEQ 566 570 577 58 5 82 592 593 604' 610 639

X 19 7 -21 -13 0 -22 11 -20 -6 -18

y -18 -18 -8 -13 -19 -11 -24 -19 -24 -21

RE = 4438 n. mi. hE = 1144 stat. mi.

Vi =32 163 fps Field of view 1000 Vi 21 929 mph

. ...... :ii.ii

20 * 20

10 - - 10

0. . 0

SMoon

-10 - . -10

-20 - -20

. Spica

-20 -10 0 10 20
X, nd

(d) 9 min prior to entry (g.e.t. = 191:09:15.9).

Figure 22.- Continued.
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SEQ o' 473 400 s5U7 L 9 515 535 S1O 551 566 57U 577

X I 3 0 -19 -21 -1 0 -18 15 18 6 -21

Y 11 7 6 ' ' 0 -4 0 -10 -13 -12 -3

SEQ 5a0 s82 589 59Z 593 s95 604 610 621 624 63Y 651

X -13 0 24 -21 10 16 -20 -5 23 -7 -17 -12

Y -7 -13 -at -5 -18 -19 -9 -17 -z2 -19 -16 -20

RE = 4155 n. mi. hE 
= 819 stat. mi.

Vi = 33 249 fps Field of view= 100* V. = 22 670 mph

20 20
02

2010 10

Moon

0 * Moon - 0
0 

0*

-- 0

-10 -10

Spica

Arcturus
-20 F- u - -20

.... ..... . . . . . . . .. . . . . . . ... . ..

-20 -10 0 10 20

X, nd

(e) 7 min prior to entry (g.e.t. = 191:11:15.9).

Figure 22.- Continued.
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SEQ 473 '80 s07 509 515 535 540 551 566 570 577 580 582 %89

X 3 0 "19 -22 *1 0 -tS 16 17 6 "21 "12 0 22

Y 15 11 10 10 7 3 6 "3 -6 -5 2 0 S -13

SEQ 592 593 595 60o 610 621 624 639 6'41 665 SS 660 690 755

X "21 10 1s5 19 .5 2j -6 -16 2' -12 I- 24 -1I *21

Y 0 -11 -13 "3 -10 -18 -12 -9 -21 -q4 -22 -24 "19 *23

RE  3907 n. mi. hE  534 stat. mi.

V =34 297 fps V.Field of view 23 384 mph
i Field of view =100

°

20 20

10 -10
Moon

*

*0

0 * x - 0
0 i0

*

-10 * -- 10
,--Arcturus

Spica

-20 -20

............ .......... I ........ I... ."

-20 -10 0 10 20

X, nd

(f) 5 min prior to entry (g.e.t. = 191:13:15.9).

Figure 22.- Continued.
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SEQ ss515 35 540 551s 6 570 577 58U 52 589 b92 593 595 60' 61Q 621

X -I u -19 Is 17 6 -21 -12 0 22 -21 9 15 -19 -5 20

y 16 11 13 3 0 3 9 6 2 -6 6 -3 -5 3 -2 -11

SEQ 62 639 6'1 651 655 66U 673 688 690 700 717 719 724 745 755

X -6 -16 22 .- 11 8 22 4 20 -13 -4 11 9 8 -14 -19

y -4 -2 -15 -6 -14 -17 -16 -21 -11 -16 -23 -23 -23 -18 -16

RE = 3704 n. mi. hE =300 stat. mi.

Vi = 35 233 fps Field of view = 100= V = 24 022 mph

20 20

.. ......

* Moon
10 10

0 0

0 - .0 . • . _ .

SSpica

Arcturus . .

-10 . -- 10

-20 - : -20

. 5 *

-20 -10 0 10 20
X, nd

(g) 3 min prior to entry (g.e.t. = 191:15:15.9).

Figure 22.- Continued.
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SEQ ss5 566 570 S58 b 2 589 592 593 595 6 4 610 621 624

X 1S 17 6 -13 U 21 -22 9 Is -20 -5 19 -6

y 1I 8 11 15 11 0 13 L4 2 11 6 -4 4

SEQ 639 641 6145 651 655 660 673 688 690 70U 717 719

X -16 21 23 -11 a 21 4 19 -13 -4 10 9

y 5 -8 -9 2 -5 -10 -7 -14 -3 -d -14 -q

SEQ 724 736 743 7'5 751 753 755 759 770 781 795 803

X 7 9 10 -13 10 1 -18 13 2 24 -12 -9

y -14 -17 -18 -10 -19 -17 -d -21 -22 -24 -19 -22

RE= 3 5 5 7 n. mi. hE= 131 stat. mi.

V. = 35 958 fps Field of view = 1000 Vi = 24 517 mph

20 
20

10 
10

. Arcturus 
Spica

0 X 0

CL

-10* 
-10

*. . Antares

-20 .* 
-20

S-.. . . . . . .t. ". .. .

-20 -10 0 10 20

X, nd

(h) 1 min prior to entry (g.e.t. 191:115.9).

Figure 22.- Continued.
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SEQ 566 582 589 593 595 610 621 62' 639 6'1 645 651 65b

X to 0 21 9 15 .5 19 -6 -16 21 23 -11 8

y 12 15 3 9 6 10 0 8 9 '& -6 6 -1

SEQ 660 673 6 690 700oo 717 719 729 736 743 745 751

X 20 I 18 -13 -4 10 a 7 9 9 -13 0o

y .6 -3 -LU 1 -3 -10 -10 -U -13 -'14 6 -15

SEQ 753 755 759 770 781 789 790 793 795 797 802 0ao

X 1 -18 13 2 23 13 20 13 -12 16 14 -

y -12 -4 -17 -17 -20 -21 -21 -21 -15 -22 -22 -18

RE =3508 n. mi. hE 
= 76 stat. mi.

Vi = 36 210 fps Field of view= 1000 V= 24 689 mph

20 ... 20

Spica

0 + 0 -:=

-10 . * -10

Antares

-20 -20

- -- - --

-20 -10 0 10 20

X, nd

(i) Entry interface (g.e.t. = 191:18:15.9).

Figure 22.- Concluded.
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ECLIPTIC REFERENCE
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Field of view = 22" Field of view= 8-

X, nd X, nd

(a) G.e.t. = 5 hours. (b) G.e.t. = 10 hours.

Field of view = 7* Field of view 5

X, nd X, nd

(c) G.e.t. = 15 hours. (d) G.e.t. = 20 hours.

Figure 23.- Translunar coast - ecliptic reference.
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Field of view = 4 F i :d of view = 4

Field of view 4 Field of view = 3

.(..

X, nd X, id

(g) G.e.t. = 35 hours. (h) G.e.L. = 40 hours.

Figure 23.- Co tinued.
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Field of view 3 Field of view = 3*

X, nd X, nd

(1) G.e.t, = 45 hours. (j) G.e.t. = 50 hours.

Field of view 3 Field of view= 3

Fiqre 23.- Continued.



Field of view = 3" Field of view = 3"

1-9

X, nd X, nd

(m) G.e.t. = 70 hours. (n) G.e.t. = 75 hours.

Figure 23.- Continued.
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Field of view = 3

I

X, nd X, nd

(a) G.e.t. = 130 hours. (b) G.e.t. = 140 hours.

Field of view = 30 Field of view = 4*

X, nd X, nd

(c) G.e.t.= 150 hours. (d) G.e.t = 160 hours.

Figure 24.- Transearth coast - ecliptic reference.
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Field of view - 4*

X, nd
(e) G.e.t.= 170 hours.

Field of view = 10' Field of view = 20*

I I

X, nd X, nd

(M G.e.t. = 180 hours. (g) G.e.t. = 189 hours.

Figure 24.- Concluded.

/f

Figore 2f. - Coocloded.
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Preceding page blank

APPENDIX



PRELIMINARY
TECHNIQUES
ANALYSIS
(INTERNAL NOTES)

MAJOR MILESTONES

SECTION I. PRELIMINARY CONTINGENCY TECHNIQUES
(PRELIMINARY PROCEDURES TO BE FOLLOWED BY CREW AND GROUND)

II. INTEGRATED CONTINGECCY (ABORT) TECHNIQUES DOCUMENT

CONTROLLING (DEFINES DETAILED PROCEDURES TO BE FOLLOWED

AUTHORITIES: BY CREW AND GROUND)

MPAD, DATA III. OPERATIONAL ABORT PLAN DOCUMENT
PRIORITY (PROVIDES DETAILED ABORT SOLUTIONS AND ASSOCIATED DATA
MEETINGS, ETC FOR THE PRIMARY LAUNCH OPPORTUNITY)

IV. RESET POINTS DOCUMENTO (INSURES CREW/RTCC SIMULATION OF ABORTS ARE COMPATIBLE
INTEGRATED AND PROVIDES DRIVER FOR SIMULATION)
TECHNIQUES V. CREW CHARTS AND PAD DATA
DOCUMENT (PROVIDES FINAL PLOTS AND CHARTS CREW NEEDS TO CARRY OUT

OPERATIONAL ABORT PLAN; INCLUDES LAUNCH, TLI MONITOR,
TLI + 10 MIN ABORT AND LOI 15 MIN ABORT CHARTS)

PROGRAM VI. RTACF PREPARATION
VERIFICATION (INSURES REAL TIME OPERATIONAL COMPUTER SUPPORT

REQUIREMENTS WILL BE MET)
CIVII. SC WINDOW VIEWS DOCUMENT

SVI VII (PROVIDES STARFIELD, EARTH-MOON TERMINATOR, AND HORIZON
S1 P 1 SCHEMATICS FOR CREW FAMILIARIZATION AND INDEPENDENT

RESET POINTS CREW OPERATIONAL RTACF SC WINDOW MANEUVER ATTITUDE CHECKS)
DOCUMENT BRIEFINGS ABORT PLAN PREPARATION VIEWS VIIl. LAUNCH WINDOW EFFECTS ON THE OPERATIONAL ABORT PLAN (DOCUMENT)

DOCUMENT DOCUMENT (INSURES ADEQUACY OF ABORT PLAN FOR LAUNCH WINDOW VARIATIONS)

IX. HYBRID MISSION EFFECTS ON THE OPERATIONAL ABORT PLAN
HYBRID MISSION (SUPPLEMENTS ABORT PLAN FOR TRAJECTORY AND PROCEDURE

LAUNCH WINDOW EFFECTS ON CHANGES DUE TO A HYBRID PROFILE) C
ABORT PLAN X. CREW BRIEFINGS

(EXPLANATION OF PROCEDURES AND ONBOARD ABORT CHARTS)

MAJOR. CREW CHARTS

O MILESTONE NO.

Flow chart 1.- Major Apollo F and G milestones for the Contingency Analysis Section.
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